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THE COAL Measures. 


Coal beds, Devonian, Carboniferous, Mesozoic and Tertiary, 
alike, are associated with shales, sandstones and, many cases, with 
calcareous beds, the last often containing marine fresh-water 
fauna. Interior limnic basins frequently bear close resemblance 
paralic coastal basins, that distinction between the types 
becomes arbitrary some great areas. the field, 
wide invasions the sea appeared again and again throughout 
practically the whole period accumulation. the other hand, 
the Appalachian basin, almost land-locked during most its history, 
experienced few invasions and those, comparatively small extent, 
were confined the earlier periods; the later stages, the whole 
region was practically limnic. 

Study reports observers the several countries makes 
certain that conditions needed for formation coal beds were 


*Part appeared these Proceedings, Vol. L., pp. 1-116; Part II. 
same volume, pp. 519-643. 
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all intents and purposes the same all regions and all periods, 
from the Devonian coals Bear Island the Arctic the Tertiary 
coals Wyoming Trinidad; but the varying descriptions and 
explanations presented students make equally certain that one 
cannot ascertain what the essential conditions are, his investiga- 
tion confined areas embracing score even several hundreds 
square miles. The investigation must cover great area, 
which merely local features not obscure those which are general 
and which actually bear upon the problem hand. Such area 
the Appalachian Basin the eastern United States, where one 
finds the Pennsylvanian Coal Measures divided into 


Dunkard Greene 

Wheeling Washington 
Monongahela 

Athens Conemaugh 
Allegheny 

Pottsville Beaver 

New River 

Pocahontas 


The order 

The Appalachian coal field, now embracing approximately 
70,000 square miles almost continuous deposits, occupies only 
part the original area. The deep synclinal basins anthracite 
eastern Pennsylvania are separated 100 miles from the 
great bituminous region the west, while southwardly one finds 
insignificant fragments along the eastern side until comes 
Georgia and Alabama. The greatest extent the area deposit 
was probably the close the Pottsville, when reached from 
southern New York west southwest direction beyond central 
Alabama, more than 800 miles; the nortli, spread from the 
old Appalachian land, the east, westward beyond Newark 

Stevenson, Carboniferous the Appalachian Basin,” Bull. Geol. 
Soc. Amer., Vol. 18, 1907, 178. The Pottsville subdivided this paper 
into Beaver and White, West Virginia Geol. Survey, 
Vol. Ia, 1908, 13, has suggested that Rockcastle replaced New River 


and Pocahontas; this should accepted, Stevenson did not assign 
proper significance Pocahontas, regarding merely subordinate stage. 
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Ohio, while the south reached the western boundary Ala- 
bama. The area deposit that time embraced not less than 
200,000 square miles. The present outcrop approaches the western 
border few localities Ohio and Kentucky well 
Alabama, but for the most part two score more miles east 
from the original limit. The eastern border approached the 
southern anthracite field Pennsylvania and apparently was not 
far eastward from the Pocahontas outcrop Virginia; Alabama, 
the eastern outcrop not more than miles from the original 
border that side. But, most the space north from Alabama, 
the present continuous outcrop from 100 miles west from 
that border probably existed the close the Pottsville. 
The Appalachian field included small part New York, more 
than two thirds Pennsylvania, the western third Maryland. 
nearly the whole West Virginia, the eastern third Ohio and 
Kentucky, with southwestern Virginia, eastern Tennessee, the 
northern half Alabama well northwestern Georgia. Here 
then area sufficient extent provide ample illustration 
purely local features and their relations the effects widely act- 
ing agents. 
THE APPALACHIAN 


The Appalachian basin, from its origin the close the 
Paleozoic, was the scene frequent changes the relations 
land and water. Schuchert and have shown that such 
changes were merely commonplaces the earlier periods. Those 
students are not agreement respecting several matters, which have 
much interest from philosophical standpoint, but they are full 
agreement respecting all matters which concern the questions 
issue here. Schuchert has shown, the Appalachian basin 
originally was continuous with the broad Mississippi region and 
much was covered with sea. Toward the close the Ordo- 
vician the Taconic revolution began, which, the east, widened 

Schuchert, North America,” Bull. Geol. 


Amer., Vol. 20, 1910, pp. 427-606; Ulrich, Revision the 
Systems,” ibid., Vol. 22, 1911, pp. 
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Appalachia additions along the western side from New England 
through Virginia, thus giving great area which erosion could 
work and did work, evidenced clastic sediments the northern 
part the basin. The Cincinnati uplift authors, occurring 
the same time, led the elevation Cincinnatia (of Schuchert), 
the western boundary the basin. Contemporaneously, 
cated Schuchert, less conspicuous land area, Alleghania, ap- 
peared within the basin, rudely parallel Appalachia and extend- 
ing southwardly across western Pennsylvania and eastern 
was separated from Cincinnatia the Ohio basin. During the 
Silurian, there was occasional communication across Cincinnatia 
with the Mississippi region beyond and the faunas indicate that the 
basin opened northwardly the Atlantic ocean. The same type 
evidence shows that the basin was divided land area southern 
Virginia, that there was northern sea extending into New York, 
well southern sea Tennessee and Alabama. 

Studies many geologists make clear that the southern portion 
Appalachia was unstable. Southward from central Pennsyl- 
vania, the early Devonian rocks are wanting along the eastern side, 
while southern Virginia and thence southward only the lower 
beds the Middle Devonian are found. Alabama the Devonian, 
more than 8,000 feet thick central Pennsylvania, represented 
only dark shale rarely exceeding 100 feet and, near its southern 
limit, varying from feet. 

The area embraced Schuchert’s Alleghania was decided 
instability. received deposits during the Chemung, that 
formation with its characteristic conglomerates crossed the area, 
though with reduced thickness; but all the principal elements 
the section observed central Pennsylvania are present. The 
intervals decrease toward this area and there notable thinning 
above the upper conglomerate. The Catskill beds, following the 
Chemung, thin out against Alleghania, showing that once more 
above water. That formation, defined Vanuxem, the 
first assign definite meaning the term, 3,900 feet thick 
Fulton county Pennsylvauia; 3,000, the eastern portion 
Bedford; 1,980 western Bedford; concealed Somerset, 
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except the western edge, where brought great anti- 
cline and feet thick, while, miles farther west 
Fayette county, has disappeared and the Upper Pocono beds 
the Mississippian rest the Chemung. The rate decrease under 
Somerset very nearly the same that Fulton and Bedford. 
This thinning shown the western side the Catskill deposits 
from New York New River Virginia, beyond which south- 
wardly Chemung and Catskill both disappear.* 


The Carboniferous was opened subsidence the basin. The 
northern portion still received the greatest deposits along the eastern 
side the old valley “trough but the area 
widened westwardly that the later Pocono rocks Pennsylvania 
overlap the Catskill the Devonian and rest without apparent non- 
conformity the Chemung rocks Alleghania, they beyond 
the Ohio basin. There was distinct widening eastwardly 
Virginia and southward. showed that phenomena 
Virginia, which had puzzled earlier observers, were due overlap; 
that the coal-bearing Mississippian deposits rest there Ordovician 
rocks, which all probability had been upraised during the 
Taconian revolution. Still farther south, the oldest rocks the 
Mississippian overlap the Catskill, the Chemung and, length, even 
the thin Chattanooga shales, the last Devonian representative toward 
the south. But during succeeding stages the Mississippian, 
there was distinct contraction the area deposit the western 
side, for the Maxville lies within the Logan and the Shenango within 
the times, there may have been dry land the Alle- 
ghania region. But the south there was continued depression, 

Stevenson, Bedford and Fulton Second Geol. Surv. 
Penn., 1882, pp. 73-75, 81; The Upper Devonian Rocks Southwest 
Pennsylvania,” Amer. Jour. Sci., Vol. XV., 1878, pp. 423-430; “On the 
Use the Name Catskill,” ibid., Vol. XLVI., pp. 330-337. 

Campbell, Overlaps Montgomery and Pulaski 
Counties, Virginia,” Bull. Geol. Soc. Amer., Vol. 1804, 182. 

Stevenson, “Lower Carboniferous the Appalachian Basin,” 
Bull. Geol. Soc. Amer., Vol. 14, 1903, paper, pp. con- 


tains discussion the varying geographical conditions during the Missis- 
sippian. 
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increasing southwardly, that that direction the thickness the 
deposits increases until eastern Alabama reached, where one 
finds progressive overlap and each deposit has its attenuated out- 
crop beyond that its predecessor. Toward the close the 
Mississippian, Alleghania was becoming better defined; all the 
formations are present most but they are very thin, nowhere 
more than 400 feet thick the north, less than one fifth much 
the anthracite region. Whether not the Shenango shales 
western Pennsylvania are synchronous with the upper red beds 
the Mauch Chunk region cannot determined, gap 
miles exists, from which the beds have been removed. Fossils are 
rare and insufficient for correlation; they make evident, however, 
that marine conditions prevailed Alleghania, for the individuals 
obtained southwestern Pennsylvania are large, well developed and 
thoroughly characteristic. The water was probably too shallow and 
too variable distribution permit abundant life; the sun cracks, 
ripple marks and other features indicate that these fine muds were 
spread out mud flats, with constantly shifting areas tidal 
waters. certain that withdrawal the sea was continuous 
the western side, that before the close Mississippian, the Ohio 
basin had become dry land and Alleghania had become once more 
distinct ridge, dividing the basin longitudinally from New York 
central Tennessee. But the withdrawal affected almost the 
whole the Appalachian basin; and this withdrawal may have 
been caused extensive deformation the surface. While 
Alleghania was raised the west, there was rejuvenation Ap- 
palachia the east. the later Mississippian, the streams had 
reached base level along the borders, for only fine muds were carried 
into the basin; but the Pottsville opens with coarse deposits from 
Pennsylvania Alabama. 

The distribution and character the Pottsville deposits’ seem 
place beyond doubt the assertion that the beginning the 
Pennsylvanian the whole basin, excepting the southwest corner, 

White, Deposition the Appalachian Pottsville,” Bull. Geol. Soc. 


Amer., Vol. 15, 1905, pp. 267-282; Stevenson, the 
Appalachian Basin,” ibid., Vol. 18, 1907, pp. 142-150. 
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was area. Ancient Appalachia the east towered above the 
old trough sedimentation, now become broad valley with 
irregular surface, while the west rose the flat-topped Alleghania, 
hundreds feet high the north and separated from Cincinnatia 
the broad, shallow valley the Ohio basin, which deepened 
southwardly. The eastern valley and the slope Appalachia were 
drained river following the westerly side the valley and 
finding its outlet the south Tennessee, where there still re- 
mained considerable body water. gradually lengthening 
stream drained the western valley and found its outlet the south 
the body water, which was continuous around the southern 
end Alleghania. 

The story the Appalachian basin for the Silurian, Devonian 
and early Carboniferous one local deformations, differential 
elevations and depressions, alternating water and dry land areas, 
sea invasions and expulsions withdrawals. Similar condi- 
tions continued throughout the Pennsylvanian. The subsidence 
during the earlier stages was evidently differential, increasing toward 
the south. one follows the New River formation along the face 
the bituminous area, finds not merely lower and lower beds 
but, Alabama, also vastly increased thickness each member 
the section, that the mass, belonging apparently greatest 
part the New River, greater than the whole column the 
anthracite area, though that includes the Pottsville and least two 
thirds the Athens. The condition throughout the Pottsville was 
that subsidence and the area deposit constantly increased 
toward the west. the sides Alleghania and the Ohio 
basin, the New River overlaps the Pocahontas and the Beaver over- 
laps the New River. The character deposits the anthracite 
region and Alabama affords ground for belief that, while sub- 
sidence prevailed within the basin the end the Pottsville, there 
interrupted elevation much Appalachia, causing frequent 
rejuvenation the streams and preventing eastward expansion 
the area deposition. During the Athens and later periods, that 
area seems have been contracting steadily, first the south and 
eventually all sides until, the close the Dunkard, completion 
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the Appalachian revolution brought deposition end the 
comparatively small area which remained. 


Before presenting detail the evidence which these state- 
ments are based, well call attention matter respecting 
which some misapprehension seems exist. Time breaks 
deposition, due existence land surface, not leave every 
case record the way non-conformity, which can recog- 
nized even considerable area. has emphasized 
this connection the conditions observed the neighborhood 
Louisville, Kentucky, where the limestone deposit conformable 
throughout and appears continuous. The Devonian portion 
can distinguished from the Silurian only the fossils, although 
the portions are separated long land-interval. offers many 
other instances which the writer may add one, already referred 
to. Westmoreland and Fayette counties Pennsylvania, the 
Upper Pocono Logan shown resting conformably upon the 
Chemung, while miles east those formations are separated 
not less than 4,000 feet Catskill and Lower Pocono. Nor 
any sense necessary that there extensive erosion during 
somewhat prolonged period sub-aerial exposure, the land 
level low-lying, even though the period long enough admit 
the cutting considerable valleys. Schuchert has shown that, 
though exposed during the whole period since the Taconian revolu- 
tion, the Cincinnatian region has lost certainly little more than 400 
feet erosion and that all probability the greater part this 
loss has occurred since the Pleistocene elevation. says 
that limestone the St. Louis area, feet thick, was exposed 
during the Silurian and the Devonian, yet was not removed. 
Illustrations the slowness erosion, where land level, are 
abundant portions Vermont, where one finds broad, terraced 
valleys the Quaternary sands and gravels. The region has always 
been one with heavy rains, yet some extended spaces the broad 
upper terrace only slightly scarred, though, since was aban- 


*C. Schuchert, Paleography North America,” pp. 441, 442. 
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doned, the streams have cut their valleys, hundreds feet deep, 
and have lined them with terraces. 


The existence land area Alleghania and the Ohio basin 
made clear the distribution Pottsville deposits. The 
Pocahontas formation present the southern anthracite field and 
the western part the Western Middle, but wanting the 
Eastern Middle and the Northern well the bituminous 
region Pennsylvania and Ohio. Along the eastern outcrop, 
present the southern part West Virginia and the adjacent part 
Virginia, but thins away quickly toward the west and north- 
west. has not been recognized southwardly beyond Virginia. 
The New River very thick the southern and the western 
part the Western Middle, but wanting the northern anthra- 
cite field. very thick eastern Alabama within the outlying 
areas, but loses thickness quickly toward the west. This part 
Alabama region non-conformability throughout. has 
shown that that unconformity found close Cambrian, 
Ordovician, Silurian and Devonian. There notable non-con- 
formity erosion between Mississippian and Pennsylvanian. The 
sandstone and shale mass, closing the former eastern Alabama, 
was removed from great space prior deposit the Pottsville. 
the continuous bituminous region, one finds the upper beds 
the New River about miles south from the Pennsylvania line: 
the lower beds appear succession until the southern part 
the state one finds, all probability, the whole formation. The 
formation wholly wanting the northern part the state and 
far the greater part Pennsylvania. Indeed, there seems 
good reason for doubting the accuracy identifications along 
the eastern outcrop the latter state. southern West Virginia 
possible trace the formation across the state means 
exposures and the many records oil-borings preserved 
White. The lower members disappear succession westwardly 
against the face Alleghania and only the uppermost members 


Butts, “Iron Ores, Fuels, and Fluxes the Birmingham District, 
Alabama,” Geol. Surv. Bull., 400, 1910, pp. 14-16. 
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reach Kentucky. The formation can followed easily along the 
eastern outcrop beyond central Tennessee, where the lower portion 
first crosses Alleghania, and becomes continuous with the deposit 
the Ohio basin. There one finds the Bonair sandstone, midway 
New River, passing across Alleghania, where rests Missis- 
sippian beds. the western side the Ohio basin, the higher 
New River beds disappear northwardly, each overlapped its 
successor, that beyond the Ohio River one finds only the top- 
most member occupying long narrow space, extending almost 
the present Lake Erie. the close the New River, most the 
bituminous region within Pennsylvania and northern West Vir- 
ginia was above the area deposit. During the Beaver that area 
seems have increased constantly that, the close the 
Pottsville, Alleghania had disappeared and the Homewood sandstone 
its equivalent covered the whole basin. The last portion 
Alleghania become buried was Jefferson, Clearfield, Indiana, 
Westmoreland and Fayette counties Pennsylvania. Differential 
subsidence continued throughout the Pottsville; even the Beaver 
the condition notable. That formation 250 300 feet thick 
western Pennsylvania, but the Kanawha River central 
West Virginia fully 1,000 feet, while southwest Virginia 
the thickness seems even greater. 

The Allegheny shows curious irregularities thickness within 
the bituminous area, which are due clearly local 
but, leaving that feature out view, one finds general way 
very little variation, except along the western border, where the 
section shortened. The thickness may taken approximately 
250 feet. the anthracite area, the old trough sedimentation 
continued and the great influx materials from Appalachia gave 
thickness several times great. There, too, one finds anomalous 
deposition, with abrupt changes structure coal beds and re- 
markable variations the intervals between them, evidence that 
there were many and serious local disturbances. 

the Conemaugh, there less evidence local disturbance. 
The variations are, were, regular. Measurements across the 
bituminous region show rapid thickening eastward the Ohio 
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River but comparative uniformity thence the eastern outcrop. 
Muskingum and Guernsey counties Ohio, the thickness increases 
from 315 340 feet but, miles farther, the Ohio 500 feet. 
Pennsylvania and western Maryland the average very nearly 
600 feet. How thick the formation was the northern anthracite 
field cannot determined, the top the section has been 
removed, but the beds there are not less than 1,000 feet thick. 
The conditions were the same throughout the whole period 
deposit, for variations the upper half are similar those the 
lower half. Apparently there was slower subsidence along the 
western border than elsewhere, but proof overlapping 
can found, the outcrop usually considerable 
distance from the border deposit. There was singular uni- 
formity conditions from north south along the middle line 
the bituminous area, distance more than 200 miles. the 
most northerly outcrop Pennsylvania, the thickness approxi- 
mately 600 feet and thence southward along the whole line varies 
from 575 600 feet. Beyond Doddridge county West Virginia, 
definite measurements cannot made coal beds and limestones 
alike have but Huntingdon, 100 miles beyond, and 
just west from the middle line the thickness said 660 feet. 
the extreme southeastern outcrop West Virginia, the interval 
has been reported 800 feet but some doubt remains the 
upper limit. Conditions during the Athens resembled those during 
the Pottsville, that the trough sedimentation with greater sub- 
sidence still existed the east. But there was longer differ- 
ential subsidence toward the south and there much reason for 
believing that there was notable contraction the area deposi- 
tion that direction, that the Conemaugh may have extended, 
most, only short distance into 

But when one reaches the Wheeling finds notable change. 
Going eastward from the western outcrop Ohio, the thickness 

“The measurements the Conemaugh have been taken from 
Stevenson, Ohio Geol. Survey, Vol. III., 1879; Second Geol. Serv. Penn- 


sylvania, Reports 1876, KK, 1877, T2, 1882; White, Survey, 
Bull. 65, 1891; West Virginia Geol. Surv., Vol. I., 
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the Monongahela 206, 250 and the Ohio River 261 feet. 
Beyond that river, 275, 300, 340 and 380 Pennsylvania just 
beyond the Monogahela River; 316 few miles farther and 212 
the Frostburg basin Maryland. Adding the coal beds 
their partings one has 213 the western outcrop, 270 the Ohio. 
River, 285 western line Pennsylvania, 400 near the Mononga- 
hela, 370 beyond the Monongahela and 252 the Frostburg basin 
evident that the topographical conditions have 
been changed and the area deposit has become trough with 
its deepest line midway the bituminous region. The ancient 
trough sedimentation the east has disappeared. For 
another direction the contrast with the Athens conditions equally 
striking. shortening the section northward was observed 
the Athens, but the Monongahela, the shortening that direction 
distinct. Many measurements are available southwest Penn- 
sylvania and West These show that the thickness in- 
creases from 156 feet the most northerly exposure 
county Pennsylvania about 400 feet the West Virginia line, 
the increase being gradual. The extreme thickness maintained 
West Virginia for more than miles. Thence the section can 
followed only with difficulty all horizons become indefinite, but 
evidently becomes shorter, for, where the horizons again become 
definite, along the southern border, the thickness 250 281 feet. 
The conditions were similar during deposition the Washington. 
Throughout the Wheeling, the area deposition was basin 
with the rate subsidence increasing toward central West Vir- 
ginia. was contracting all sides and there little 
reason suppose that any important deposits were made the 
anthracite region south from West Virginia. 

Geol. Surv., Vol. 262; Second Geol. Surv. Penn., Report 
pp. 211, 216, 240, 340; the Appalachian Basin,” Bull. 
Geol. Soc. Amer., Vol. 18, 1907, 47; Grimsley, Ohio, Brooke and 
Hancock Counties,” West Virginia Geol. Surv., 1907, 30. 

Stevenson, Second Geol. Surv. Penn., Rep. KKK, 1878, 202; 
considerable number measurements cited here from Rep. were made 


White; White, Survey, Bull. 65, pp. 54, 55; Well records. 
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The area Dunkard deposits seems have been much less 
than that the Wheeling, but erosion has stripped the borders 
and one can make few positive statements respecting the condi- 
tions. The full section, now exists, found only rare 
places the long narrow strip within western Pennsylvania and 
West Virginia. There appears the same tendency north- 
ward shortening the section; there evidence Pennsylvania 
that there were local foldings, that, the earlier periods, there 
were not merely general movements leading decrease the area 
deposition but also others due strains varying direction 
different times. 


Evidence elevation and subsidence found buried valleys, 
marking the courses subaerial streams. These are numerous 
that one need select only few instances. 

That Alleghania and the Ohio basin were dry land the close 
the Mississippian, clear from the evidence erosion well 
corrosion. has summarized the observations his 


predecessors and has added the results his own studies. The 
base the Coal Measures along the outcrop belt southern Ohio 
rests directly the Logan formations, which for the most part are 
Lower Mississippian. These were subjected great erosion, which 
left relief 200 300 feet. Hyde followed this surface 
unconformity across Ohio from the central line the state south- 
ward the Ohio River, finding frequent variations 100 feet 
the elevation. The Coal Measures sandstones are often let down 
into the Logan, but ordinarily the non-conformity gentle. Here 
and there one sees old valleys which can traced for considerable 
distances. The erosion was mostly post-Maxville. 

Soon after the elevation Alleghania and the Ohio basin, 
stream began cut for itself valley, which, before the end 
the New River stage, extended from the Canadian highlands south- 
wardly across Ohio, Kentucky and Tennessee outlet the 

Hyde, Notes the Absence Soil Bed the Base the 


Pennsylvanian Southern Ohio,” Amer. Journ. Vol. XXXI., pp. 
557-560. 
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southwest. This stream must have been determined very quickly 
after the region became dry land, for, before the end the New 
River, had made terraced valley, least miles wide some 
parts its course and showing irregularities surface which 
indicate existence many minor tributaries. The main stream 
had its source the Canadian highlands; important tributary 
drained part the Mississippian ridge Michigan and its course 
lay within the area Lake Erie; second important tributary 
came from the east, draining part southwestern New York and 
northern Pennsylvania. Ohio, this valley area for the most 
part west from the present outcrop Pennsylvania beds; but its 
eastern side traced readily from miles south Lake Erie 
the southern border Summit and Portage counties, about 
miles, for filled with coarse sandstone and conglomerate, which 
thin out abruptly the east, permitting the overlying beds rest 
Mississippian rocks. The western edge approached Wayne 
and Medina counties, where the coarse beds become very thin. 
Fragmentary exposures the eastern side are found counties 
farther south until, Vinton, Jackson and Pike, the Pennsylvanian 
outcrop swings westward and the exposures extend apparently 
midway the valley. Thence into Kentucky the outcrop again 
trends southwardly and only the extreme eastern border seen. 
northern Kentucky, another valley, now filled with New River 
beds, begins Carter county miles south from the Ohio 
River and deepened rapidly southward Mississippian rocks. 
direction, west south, such that, within few miles from the 
last recorded exposure, should unite with the main valley. 
southern Kentucky the western side the Main Valley area, 
Campbell discovered valley Mississippian rocks, deepen- 
ing toward the east and now filled with New River beds. Farther 
south, Tennessee, the relations soon become indefinite, but ob- 
servations the eastern side Hayes make sufficiently clear that 
the valley was distinct half way the Alabama line until midway 
the New River. 

Some features this valley should emphasized. Its exist- 
ence distinct for not less than 400 miles and, beyond central Ohio, 


q 
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deepened rapidly toward the south. was dug soft rocks 
the Mississippian, shale, limestone comparatively fine grained 
but headed eventually the rocks Canada, 
while important branch rose the Mississippian area Michi- 
gan, covered with cherty limestone. gradual though probably 
not continuous subsidence shown the distribution New 
River beds, which terminate one after another progressive over- 
lap northward until beyond the Ohio River one finds only the 
newest members the formation. like manner, overlap 
distinct the eastern Alleghania side the valley; the north, 
the Beaver rests Mississippian beyond termination the New 
Hayes and others saw that, White, Bledsoe and Cumber- 
land counties Tennessee, the lower members the New River 
thin away succession the west slope Alleghania until last 
the Bonair sandstone, midway the formation, crosses the ridge 
where rests Mississippian. similar condition exists the 
eastern side the ridge, facing the old trough sedimentation. 
The valley was filled eventually New River deposits. 
Ohio, only the latest members appear; coarse sandstone, which 
the lower portion dense, hard and white, containing quartz pebbles 
from the Canadian and pebbles fossiliferous chert from 
Michigan. many places northern Ohio, this mass 
pebbles with hardly enough sand bind them, while mingled with 
them times are irregular pieces shale—the whole giving unmis- 
takable proof river action. The chert pebbles continue almost 
the Ohio River the south, more than 400 miles from the source, 
the measurement being made direct line. The upper portion con- 
tains chert but abundance quartz pebbles, and Jackson and 
Pike Ohio, more than 300 miles from the only possible source, 
those pebbles, occurring throughout the deposit, are often large 
hen’s most Kentucky, the equivalents these later 
deposits are merely coarse sandstones with layers small 
must remembered that there one sees only the border, not the 
deeper part the valley. the southern part the state the 
beds consist largely “hailstone grit,” for there the exposures 
reach beyond those the north. Soon after passing into Tennessee, 
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the rocks lose coarseness and within miles, according 
Campbell, are longer hard enough affect the but 
that interval new sandstone, the Bonair, belonging lower the 
column, reached: fine-grained first, soon becomes coarse and 
within few miles pebbly rock, massive, feet thick 
and containing very little clay. The rate fall the original 
stream cannot determined there was differential subsidence, 
but some conception may gained from the thickness deposits. 
The extreme along deepest part the valley northern Ohio 
175 feet; southern Ohio, 310 feet remain and the original thick- 
ness was not far from 400 feet; southern Kentucky, was more 
than 1,000 and central Tennessee not less than 1,500. The de- 
posits are all river origin; there trace marine conditions, 
except the extreme south, nor there any evidence shore 
action; the pebbles are round, not flat: proof selective action 
running water abounds along the whole course. One has here 
merely subaerial valley, filled with river deposits. The main 
western drainage line followed the same course until late the 

has published some notes respecting the Sharon coal bed, 
the first member the Beaver formation, which show that the clos- 
ing deposits the New River had become dry land, exposed 
subaerial conditions. the Mahoning valley that coal bed occupies 
serpentine, usually narrow troughs, which sometimes unite, but ordi- 
narily are separated long intervals barren ground. The 
troughs were eroded the old plain and the separating ridges are 
merely planed down knolls. some cases, the troughs were eroded 
Waverly rocks, which there are largely Devonian. The lowest 
coal bed Jackson county, the southern part the state, 

Safford, Hayes, Campbell for Tennessee. These are given 


“Carboniferous the Appalachian Basin,” Bull. Geol. Soc Amer., Vol. 
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midway the great sandstone mass filling the valley just described. 
occupies trough that sandstone, showing that, during migra- 
tions the stream its valley, portions the flood plain remained 
exposed long enough permit accumulation important coal 
bed. 

valley notable extent existed western Pennsylvania 
during the early Allegheny. There good reason for believing 
that reached far east the border Cambria county, but 
observations begin only Jefferson county, somewhat 
more than miles farther northwest; thence the course can 
followed across southern Clarion, northern Armstrong, northern 
and western Butler into northern Beaver,—almost the Ohio 
River, distance about miles direct line. The interval 
from the Vanport limestone down the Homewood sandstone—the 
last member the Beaver—is filled with coarse pebbly sand- 
stone strip, miles wide, each side which the normal 
section exposed. trace this valley southward along the Ohio 
valley not possible, the horizon passes quickly under cover, 
but there are good reasons for supposing southward extension. 
Borings Wheeling, West Virginia, the Ohio, report the interval 
filled with sandstone; Moundsville, miles south, line bor- 
ings begins, which continuous across Wetzel county West Vir- 
ginia into Greene county Pennsylvania, all which sandstone 
fills the interval, thus indicating the existence long tributary 
from the east. may that the stream’s course lay well west 
from the Ohio, nearer that the pre-Beaver valley and that even 
the top member the Beaver was invaded. Hodge reports that 
Coshocton county Ohio, sandstone begins feet below 
the Vanport limestone and continues downward 280 feet thin 
coal bed resting the New River conglomerate, thus passing 
through the whole the 

The portion the column, beginning with the Vanport lime- 

Carll and Stevenson, which this summary based, are recorded 
“Carboniferous the Appalachian Basin,” Bull. Geol. Soc. Amer., Vol. 
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stone and extending upward for feet more, tells stream 
erosions great area. That limestone replaced with sandstone 
has described washout,” which observed New 
Cumberland, the Ohio River West Virginia. involves the 
Middle Kittanning coal bed and the associated rocks. The course 
the “roll” 30° The replacing sandstone exposed 
along stream near the town, where 1,200 feet wide. Ap- 
proaching from the west, the coal cut off, its thick underlying 
clay becomes sandy and the sandstone mass becomes continuous 
with that below the clay. This valley was filled during deposition 
the sandstone which elsewhere forms the roof the coal bed. 
Within the “roll,” nodular and lenticular masses coal occur 
along with numerous long strings, one and half inches thick. 
This cut out was traced for about miles. 

The same horizon marked stream cutting considerable 
part the Hocking Valley coal field Ohio. The phenomena 
were described first Andrews and later date 
The latter not inclined believe that the work was 
done streams, thinking rather that was done the ocean. 

Illustrations similar conditions are found abundantly coal 
fields elsewhere. has described the Carbon- 
iferous river” Parke county, Indiana, Coal Measures valley 
filled with sandstone. 600 feet broad and the sandstone 
exposed depth feet. each side the sandstone spreads 
above the exposure and seen resting coal bed. another 
locality, the sandstone 180 190 feet thick. Silver Island 
Fountain county and elsewhere the same features are shown 
this horizon. had been suggested that these, with some others, 
are parts drainage system, but Ashley hesitated accept this. 
believing that were true there should evidence greater 
unconformity than has been observed. remarks, however, that 

*G. Grimsley, Clays, Limestones and Cements,” West Virginia Geol. 
Survey, Vol. 1905, pp. 215, 216. 

Orton, Ohio Geol. Survey, Vol. V., 1884, pp. 936, 937. 


Rep. Indiana Geol. Survey, pp. 272, 377, 385, 386, 552, 821, 956, 
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extensive uplift the northern part the field would 
cient. Channels are numerous several horizons Indiana and 
some them seem belong drainage system flowing south- 
west, the smaller channels enter the larger that direction and 
the larger ones increase size. Non-conformity has been observed 
many horizons Indiana. 

receive much attention the British coal reports. 
Some are slight extent vertically, type which will con- 
sidered connection with the roof coal beds; but there are 
others serious importance, resembling those already described. 
states that the Ebbw valley South Wales, the Rock 
Yard and Three-Quarter veins have been washed out for 1,200 
yards one property, vertical cut not less than yards. 
another valley, the Rock has been removed for about mile. 
has described old valley estuary due denudation 
and removal Coal Measures beds. The earlier Coal Measures 
were removed and others deposited their stead. Subsequently, 
some the newer beds were removed and were replaced with 
others, also Coal Measures age. who long before 
Scott had discussed this “Symon Fault,” recognized that differs 
notably from the ordinary washouts coal and that the Lower 
Coal Measures had been removed from area great length and 
breadth. The work, his opinion, may have been done subaerial 
denudation wasting currents. Fragments coal and asso- 
ciated rocks are not uncommon the newer deposits. 
has given among others illustration contemporaneous erosion 
observed the Coal Measures Sanquhar, Scotland. Respecting 
all, compelled the conclusion, evident that the erosion 
took place, general sense, during the same period with the 
accumulation the strata.” Beche, his Geological 


Strahan, Geology the South Wales Coal Field,” Part II., 1900, 
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Observer,” has discussed such occurrences detail. de- 
scribed several instances seen the Yorkshire area. The Hands- 
worth Rock, feet sandstone, disappearing towards north and 
south, fills trough eroded shale. The great deposit, known 
the Rotherham and Harthill red rock, was deposited valley 
eroded upturned Middle Coal Measures; and the deposition was 
earlier than the Permian, since the red rock underlies the magnesian 
limestone. The little coal basin Commentry France shows 
striking example contemporaneous erosion, which has been ex- 
posed cross section two the great quarries. Toward the 
close the period deposit, valley was eroded the Coal 
Measures. Afterwards, this was filled successive deposition with 
light-colored sands and gravels. somewhat later date, 
eruption igneous rock the immediate vicinity pushed these 
horizontal beds into compressed, somewhat complex synclinal and 
folded the older beds beyond into overturned folds, while faulting 
the Grande Couche, whose roof the erosion had The 
same process erosion was repeated later times and newer 


filled-valley has been exposed during deepening the eastern 


tranchée. 

Contemporaneous erosion provides evidence that the rocks 
underwent folding during deposition the Coal Measures. few 
notes from southwestern Pennsylvania will suffice for illustration 
and, doubt, they will recall the reader instances other locali- 
The Washington-Brady Bend anticline crossed the 
Monongahela River Pittsburgh and the Claysville anticline 
crossed the Ohio River short distance farther west, near 
Woods run. These folds existed the later part the Cone- 


Green, “The Geology the Yorkshire London, 
1878, pp. 397, 456, 481-484. 

Stevenson, The Coal Basin Commentry Central France,” 
Ann. Acad. Sci., Vol. 1910, pp. 198, 199. Fayol has pre- 
sented very different explanation the phenomena Reunion extra- 
ordinaire dans Bull. Soc. Geol. France, Vol. XVI., separate, 
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maugh and had lifted much the region above the area deposi- 
tion. the latter fold, deep railway cutting shows sandstone, 
feet thick, resting shales with limestone. few rods west, 
the sandstone suddenly becomes feet thick, replacing the under- 
lying beds; but, within two miles, the lower part the sandstone 
disappears almost abruptly and the normal section reappears. The 
same sandstone was seen another section farther north, but, 
that direction, the horizon soon passes into the air while south- 
wardly passes almost once under cover. The rocks each 
side this valley have dip feet per mile, whereas that 
the sandstone within but feet. The crest the Washington 
axis shown well railway cutting. There, the shales overlying 
the Ames limestone, midway the Conemaugh, come down and 
replace that limestone and underlying beds unknown distance 
below the but barely half mile the normal section 
reached. This clearly the crest the fold, for the Ames 
limestone dips opposite directions the sides the shale-filled 
space. the west slope the Salzburg anticline Westmore- 
land county, near Penn station, one may see illustration alter- 
nating erosion and deposition, type resembling the 
Fault.” This 'the Monongahela formation, somewhat more 
than 100 feet from the bottom. the entrance long railway 
cutting, sandstone, feet thick, rests feet irregular sand- 
stone, containing streaks coal. Within few yards, feet 
limestone shown under the upper sandstone but continues for 
less than yards and cut off abruptly the sandstone. 
branch cutting, the sandstone well exposed for short distance 
but soon replaced with yellow shale, which very local. 

Aside from the continued contraction the area deposition, 
there little evidence great movements within the Appalachian 
basin. For considerable periods time, areas many hundreds 


square miles received deposits; the anticlines evidently were 
developed slowly. The Appalachian revolution apparently spent 
its force during Coal Measures time mostly the east. But 
Europe the Upper Carboniferous disturbances. have left more note- 
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worthy records. long ago, showed that the great move- 
ment the Cantabrian area occurred between the Middle and the 
Upper Coal Measures. Douville had found evidence similar 
conditions the Rhine country and had concluded that the move- 
ment was general between Saxony and the Vosges. Barrois recog- 
nized the time one great denudation and reworking ma- 
terials, for the conglomerate Tineo came partly from Carbon- 
iferous rocks. More recently, has shown stratigraphical and 
evidence that the Nord basin there exist two 
anticlinals within rocks the lower coal terrain. 


Angular and rounded fragments coal have been found 
sandstone, shale, limestone and even the coal itself; that such 
occurrences have important bearing hypotheses respecting the 
formation coal beds has been patent students everywhere but 
systematic studies have been made any except within very 
recent years. The conditions deserve careful consideration. 

The earliest recorded observation, found the writer, that 
who referred pebbles coal and coal shale the 
Pennant though they were familiar objects. Beche speaks 
them the same way his Geological Observer.” Some 
the pebbles are inches diameter and exhibit the definite 
cleavage. Rounded pebbles coal belonging the lower series 
have been found the upper—and certain that the coal, some 
cases, was hard when removed, for quarries Swansea, Sigillaria 
stems show impressions the pebbles. discussing the 
evidence unconformity between the Carboniferous 
Permian South Staffordshire, finds additional proof the pres- 

Barrois, sur les terrains anciens des Asturies 
Galice,” Mem. Soc. Geol. Nord., Vol. No. pp. 599, 600; Exposé 
des connaissances sur structure géologique bassin houiller 
dans Département Nord,” Lille, 1909, 20. 

Logan, “On the Character the Beds Clay lying immedi- 
ately below Coal Seams South Wales,” Proc. Geol. Soc., Vol. III., 1840, 
276. 

Jukes, “The South Staffordshire Coal-Field,” ed., 
136. 
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angular and rounded fragments Coal Measures rocks 
with pebbles coal the lower part the Permian. 

found the lower part sandstone overlying the 
Nelsonville coal bed rounded fragment coal, measuring 
inches. bears close resemblance coal from Straitsville, 
only few miles away, that believed derived from that place— 
the coal bed being the same both localities. This great coal 
deposit only 200 feet above the bottom the Ohio Coal Measures. 
Andrews convinced that the coal had been completely formed 
the time that feet shale and one foot sandstone had ac- 
cumulated observed irregular fragments 
coal, some angular, others rounded, sandstone within Wayne 
county West Virginia. 

states that the Welsh Coal Measures are divisable into 
the Pennant Grit above, with few coal seams, and lower division, 
mostly shale, with numerous coal seams. found coal pebbles 
the lower division, but the lower part the Pennant they are 
present, associated with pebbles granite. Logan’s pebble 
cannel was found slate overlying bed ordinary coal and was 
supposed him have been derived from bed, 2,000 feet lower 
the series. Jordan objects that there evidence that the 
lower beds were upraised and denuded before deposition the 
upper beds. thinks that the pebbles were derived from 
the seam coal above which they are found from the destruction 
erosion seam coal, which once existed approximately 
the position which they are found, the erosion either case being 
effected the strong water courses which distributed the grains 
sand and other material upon the coal seam.” refers the 
Fawr” seam near Bridgend, where the sandstone roof con- 
tains notable quantity slightly rounded pebbles coal, similar 
those the underlying seam. Logan’s pebble, thinks, came 
from superficial layer cannel the Penslawdd seam. The 


Andrews, Ohio Geological Survey, Vol. I., Part I., 1873, pp. 
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effects water current are seen the Forest Dean, where 
coal seam, feet thick, was washed out one portion the 
colliery and redeposited another, where feet thick. 
The character the pebbles him the conclusion that the coal, 
prior deposition roof materials, great extent con- 
solidated though perhaps only partially indurated.” 

discussing this paper, Moggridge stated his belief that the 
pebbles were derived from broken coal beds, the debris being 
distributed the newer deposits. There bed good cannel 
only miles from Penslawdd, that one need not look far for the 
source, the more since the cannel greater altitude. Morris 
thought the pebbles derived from one three sources; they might 
fragments floating wood encased sandstone and carbonized, 
they might come from the breaking submerged forests, whose 
fragments became embedded sands and clays, from the break- 
ing coal beds. Jordan could not accept Moggridge’s sug- 
gestion, because the present greater altitude the cannel bed 
due late movements, those Morris because the pebbles are 
confined sandstone roofs and are not distributed throughout the 
series. 

well introduce here, advance, notes having some bear- 
ing the matter hand, though more upon another, which will 
considered connection with coal beds themselves. 
found coal fragments sandstone overlying the Pittsburgh coal 
bed. one locality, the lower layers “contain lumps coal, 
coarse pebbles and fragments vegetable stems, the whole looking 
though its deposition was accompanied enough disturbance 
tear off part the old swamp. clear, however, that not all 
the fragments found the stratum belong the same bed. Some 
them are crushed and fractured such manner show that 
they were consolidated before removal, while others are saucer- 
thinks that the latter came from the Pittsburgh coal 
bed and that the others were derived from older bed, outcropping 
some distance eastward. another locality, the derivation 


Sec. Geol. Surv. Penn., Report 1876, pp. 90, 137, 285; Report KKK, 
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local, for the upper division the Pittsburgh has been removed and 
its fragments distributed the overlying sandstone. The condition 
wise unusual. later report, says that the Home- 
wood sandstone, the closing deposit the Beaver, contains its 
lower portion disks and pots coal shape such one might 
expect where soft mass has been entangled sandstone and sub- 
jected heavy pressure. another locality, the sandstone con- 
tains coal fragments, some quite large, which thinks represent 
coal bed removed from the area during deposition the coarse 
more less pebbly rock. that rock this locality fills old 
valley, possible that the larger fragments represent boggy 
material accumulated undermined banks. some places men- 
tioned this observer, the fragment-bearing sandstone rests 
the uneroded Pittsburgh coal. all probability, 
stream, sweeping across the area, removed part the unconsoli- 
dated coal and carried away deposited overflow sur- 
face along with living plants, well with the sand and hardened 
coal brought from distance. The same observer mentions 
locality, where the coal had been cut out and replaced with con- 
fused mass coal, slate and sandstone. White** has recorded 
several instances similar the last, widely separated localities, 
where the coal has been replaced with conglomerate worn and 
rounded pieces limestone, coal, slate, and sandstone. 
similarly filled have been reported other ob- 
servers Pennsylvania and elsewhere. The conditions are pre- 
cisely such one can see the streams now flowing across the 
bituminous field and the conclusion the same both cases—that 


the stream flows across the outcrops rocks whose fragments are 
its bed the deposit its banks. The Banc des 
Chavais the Grande Couche Commentry belongs this type. 

studied very carefully the coal pebbles found the 
sandstones the Commentry coal basin. Some resemble freshly 


White, Second Geol. Surv. Penn., Report 1878, pp. 114, 268; 
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broken coal, but others are pebbles with the angles rounded. Their 
coal differs from that the beds that less compact, absorbs 
water, has less brilliant fracture and can cut more readily. 
has the alternate bright and dull ordinary 
parently, the conversion was not complete when the fragments 
were torn away and the interrupted process was not renewed. 
concludes that, during formation the Commentry coal 
there were frequent erosions the earlier beds coal, clay and 
limestone that those beds not belong, might imagined, 
much older coal period; that the coal, found pebbles, is, 
speak, less advanced, offering some properties differing from those 
plant materials fully converted place; that the time required 
for conversion vegetable matter into coal, though very long, ap- 
pears not excessive, since coal basin moderate size already 
possessed some coal, while the deposits were increasing. There 
can doubt respecting Renault’s conclusion the source. 
rocks older than Middle Coal Measures are known exist 
this basin barely square miles, which divided the broad 
dejection cone which contains coal. 

observations, recorded his original work well 
the résumé published 1890, are slight importance this 
connection. Pebbles coal, angular rounded, all shapes and 
varying size from mere grains decimeters, occur all parts 
the terrain within the Commentry basin. They are rare the 
conglomerates but abound the medium-grained sandstones 
both les Pegauds and les Ferrieres, the coal-yielding divisions sepa- 
rated the barren area. They are associated fre- 
quently with grains and pebbles carbonaceous shale. The char- 
acter coal the pebbles varies. Those the older part 
the formation are anthracite, like the adjacent coals; those les 
Ferrieres are meager, the coal that area; while those les 
Pegauds are flaming coal like that from the Grande Couche. 
that the coals the pebbles are like those the immediate area. 
the same time, all-important note that, according Fayol, 
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pebbles anthracite have been obtained near the Grande Couche 
and that some pebbles the coal has the appearance well the 
composition lignite. But these last are exceptional—they, evi- 
dently, are the type studied Renault. The distribution the 
pebbles absolute proof that, before the Gres Noirs coal bed was 
formed its present area, not only the older rocks with anthracite, 
but also the Grande Couche itself and its associated beds were ex- 
posed subaerial streams, which the pebbles coal and car- 
bonaceous shale were rounded. The writer collected many these 
pebbles from sandstone less than feet above the Grande 
Couche. 

says that pebbles coal are less numerous the 
paralic basins north France than the limnic basins the 
plateau, but had opportunity study some which had been 
discovered recently. Geologists, the majority cases, have be- 
lieved that coal pebbles had travelled for only short distances and 
that they prove the process conversion far advanced when the 
fragments were detached; but some, objecting such rapidity 
conversion, have preferred believe that the fragments, when 
entombed, were merely rolled vegetable matter. notes the 
statement respecting the Commentry pebbles, that some, least, 
show contraction, evidence that the conversion was not complete. 
The marshes the Pas-de-Calais, attacked tides, give off blocks 
peat, which become rounded and length 
Geinitz has made similar observation the Baltic shore near 
Rostock. The Bruay pebbles occur hard coarse sandstone, are 
from mere grains centimeters. They are chiefly 
cannel, times have brilliant coal and, under the micro- 
scope, they show vegetable structure—they recall the peat pebbles 
the Pas-de-Calais. They have suffered contraction, for they 
are surrounded film calcite which penetrates the pebbles 

the result his studies, Barrois has found that coal pebbles 
usually occur coarse sandstones above coal beds; that they have 
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the coal the area, not differing materially volatile that 
they belong some coal bed not far away, for one never finds 
maigre pebbles gras area, the reverse; that pebbles cannel 
occur more frequently than those ordinary coal. These condi- 
tions hardly justify the supposition that the pebbles were brought 
streams flowing over beds, which, already coal, alternated with 
shale and sandstone. The Bruay pebbles are all from one coal bed 
and that must have been near by. The presence laminz bril- 
liant coal the sandstone, identical with the laminz the cannel, 
leads the same conclusion, because the Nord basin, 
South Wales, cannel the roof the beds. When coal bed 
eroded, the cannel the first portion removed, which 
explains the frequent occurrence cannel pebbles areas where 
that type coal rare. Barrois concludes that the Bruay pebbles 
came from one bed, which the material was not wholly converted. 
The erosion occurred simultaneously over extensive area and 
was due changes course stream, loaded with sediment, 
which inundated the bog abruptly. must have come from 
distance, for the deposit contains elements crystalline rocks, 
larger and more abundant than any other clastic deposit within 
the basin. 

investigated the mode occurrence coal pebbles 
sandstone within the Galician area. The deposit thick, 
usually only moderately coarse, but the portion carrying the 
pebbles becomes irregular and conglomerate. Some fragments 
coal are distinctly rolled, some have merely rounded angles, while 
others have the edges sharp. The minutely pitted surface some 
fragments led him, first, imagine that they had been peat when 
entombed, the pitting being due pressure sand grains. But 
the conditions throughout compelled him abandon this conception. 
The form and substance the pebbles favored belief that the 
time burial the material was already hard. Glance coal breaks 
into angular pieces and can endure little chafing, while cannel and 
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shale are rounded easily. The contrasts are shown 
well fragments this sandstone, for the glance coal angular 
-and the cannel rounded. Fragments slaty coal also are rounded, 
but the shale portion resisted better than the coal portion and 
the fragments are flatter than those cannel. The bond between 
-coal and shale must have been, entombment, such seen slaty 
now. might supposed that the pebbles are buried frag- 
‘ments wood; but such complete penetration wood shale 
there would be, moreover, great change volume 
that the fragments could not retain their form. convinced 
that the consistency glance the one hand and cannel the 
other different make certain that the materials had 
acquired their characteristics before burial. The source the 
pebbles cannot ascertained, but they not appear have come 
from any contiguous bed, and the only suggestion possible seems 
that they have been derived from much older deposits. The 
features the rock carrying the coal pebbles, especially its coarse- 
which differs from the sandstone each side, seem 
that may occupy valley eroded the sandstone. 

Coal pebbles are not confined the Coal Measures. 
found them Cretaceous sandstone northern New Zealand and 
Hutton found them abundant conglomerate the same age 
‘Otago, where the rock rests the eroded surface coal bed. 
Fragments coal have been reported the writer from upper 
‘Cretaceous sandstones New Mexico and large block oolite 
was obtained the chalk Kent, England. more curious 
phenomenon the existence apparently rolled pebbles the 
‘coal itself. states that the Lias area Fiinfkirchen, 
Hungary, there is, near Vasas, abundance Mugelkohlen,” round 
‘to ellipsoidal fragments pure coal, embedded almost all the 
coal beds. size they vary from nut two fifths meter; 

Haast, Report the Geology the Malvern Hills, Canterbury,” 
‘Geol. Surv. New Zealand, 1872, pp. 50, 52, Hutton, Report the Geol- 
and Gold Fields Otago,” Dunedin, 1875, 106. 
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the surface smooth, metallic and lustrous, often with scale-like 
coating such one sees concretions. They are separated easily 
from the surrounding coal, which they are not related, and they 
not occur the associated rocks. Gothan considers the 
suggestions offered explain the occurrence these nodules, but 
finds them either insufficient not accord with the conditions. 
seems convinced that they are pebbles, owing their 
form attrition. The Geological Survey collection Berlin con- 
tains similar forms from mine the upper Silesian Carboniferous, 
where the pebbles coal are associated with others quartzite, 
granulite, etc. There and other localities the association evi- 
dence transport, but, Vasas, rock pebbles are unknown.. 
Gothan sees reason suppose that they came from distance. 
conceives that they may have been formed even while the 
Jurassic Waldmoor existed and that wind-moved water may have 
detached pieces the harder peat. The more resistant portions 
those pieces would rubbed against each other until rounded and 
eventually they would sink into the peaty mud. These 
occur elsewhere. Hughes found* balls very pure coal enclosed 
coal beds India and Stainier reports that Turon Asturia 
there bed formed wholly rolled pebbles coal; 
two localities Australia, where coal pebbles are embedded 
coal notably different composition and states that such pebbles 
occur the coal basins Mons and Charleroi, Belgium. 

These citations suffice illustrate the varying conditions 
which coal pebbles fragments occur clastic rocks even 
coal beds themselves. Gothan’s explanation for existence balls. 
coal may account for origin the material. broad stream 
meandering through deep bog might easily tear off small frag- 
ments, supposed him, but even then the necessity for trans- 
port remains, since there could sufficient chafing quiet 
gently moving water. all other cases, the transportation clear. 


Hughes, The Jherria Coalfield,” Mem. Geol. Surv. India, Vol. V., 
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some instances, the distance was small the detached pieces 
were enveloped sands and swept along part the mass the 
place deposition. This was evidently the condition where one 
finds irregular chunks and petty lentils coal the sandstones 
western Pennsylvania and many places other coal fields. 
These masses, torn off sand-laden stream, were transported 
without material attrition and were deposited where the speed 
slackened overflow surface. must noted that one rarely 
finds such masses localities where the underlying coal bed shows 
evidence erosion; very often the sandstone with coal fragments 
rests uneroded coal bed; while very many cases the sand- 
stone resting bed with channeled top wholly without note- 
worthy fragments. The channel was dug the vegetable material 
and was filled with sand later arrival. difficult conceive 
how material torn from bed could deposited over very near 
the place origin, unless one imagine whirlpool modest area; 
but easy understand how sand-laden stream flowing irregu- 
larly across plain, covered with thin marsh, could remove the 
cover and deposit elsewhere. That condition approached 
considerable areas streams like those the Paraguayan region, 
where the channels are aggraded quickly flood time and the 
turbid waters are driven seek new courses. 

But the coal fragments rounded, they point conditions 
wholly different from those just considered. the summary 
observations given above, there are references the process 
conversion and the time required for its completion. Those 
topics lie, for the most part, outside the question hand and are 
related only incidentally; but the structure and composition 
coal the pebbles make certain that was already well advanced 
conversion when removed from the bed. The Commentry 
pebbles some cases were already anthracite while others, those 
from the Grande Couche, were still flaming coal; for both types 
are found the same sandstone—that above the Grande Couche— 
and, along with them, are thoroughly rounded pebbles car- 
bonaceous shale. 

not few localities the pebbles are cannel and they have been 
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regarded derived from the cannel bench underlying bed. 
That cannel pebbles should retain their shape and size better than 
those glance coal normal, because cannel tough and glance 
brittle; but there reason suppose that sapropelic muds 
became hard and resistant with great speed while the underlying 
felted peaty materials became compacted slowly. would seem 
more probable that cannel pebbles are more 
cannel survived the shocks transport and the glance coal was 
reduced minute grains. The evidence that the pebbles have 
undergone much change since entombment seems slight and 
hardly material importance. The writer, during second visit 
Commentry 1910, examined very closely more than 100 coal 
pebbles scattered through the sandstone feet above the 
Grande Couche. only two, possibly three, was there appearance 
contraction. Almost without exception, the pebbles were coated 
thin film clay, such commonly covers, whole 
part, coal fragments beds actual streams the Appalachian 
basin. This mud-coat, drying, might leave space which 
film calcite could deposited; but, aided strong pocket- 
glass, the writer could find evidence contraction the 
pebbles. There had certainly been change after the sandstone 
was compacted. Fracture planes are rarely seen but, very many 
pebbles, the typical cleavage distinct. The pebbles shale are 
not clay they are fragments laminated shale. any event, 
the form the pebbles, shale and coal alike, that due stream 
transport. Some indeed are flattened like coast shingle, but that 
due merely the original form, block with laminated structure. 
Every feature these pebbles appears abundantly the beds 
streams flowing across the Pittsburgh coal area southwestern 
Pennsylvania. They leave possible room for doubt that the 
coal fragments, like those sandstone and shale, were deposited 
streams flowing over outcrops coal, shale and sandstone. 

the larger areas, pebbles are not distributed indiscriminately 
throughout the mass sandstone shale; they are localized. 
Petrascheck’s descriptions well those the Silesian area 
Gothan recall the conditions observed western Pennsylvania but 
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they seem channels within sandstone, whereas those 
Pennsylvania are channels within coal beds. The coal pebbles 
the latter localities could not have come from the enclosing coal; 
all them, coal, sandstone, shale, limestone, are rounded 
stream transport and the rounding such that they must have been 
brought from considerable distance. Everything about these 
pebbles coal indicates that, during much Coal Measures time, 
considerable part the area deposition was land, showing out- 
crops the various types Carboniferous deposits, whence flow- 
ing streams gathered their loads detritus. With varying condi- 
tions, streams shifted their courses washed down the materials 
accumulated their beds fill the lower reaches their channel- 
ways. 

The phenomena non-conformity and contemporaneous 
erosion compose body evidence that throughout the Pennsyl- 
vanian the progress events was like that previous and suc- 
ceeding periods the world’s history; there were foldings the 
crust, there were differential elevations and subsidences and all 


times much the region was exposed subaerial erosion. 


THE DISTRIBUTION SEDIMENTARY 


The Coal Measures rocks are sandstones, shales, limestones and 
coals, the terms being employed the broad sense. All occur 
each the great eras and limestone seems wanting only the 
Pocahontas earliest stage the Pottsville. understanding 
the geographical distribution and structural variations these rocks 
should give some insight into the conditions prevailing the time 
their deposition but determination cannot complete, erosion has 
removed the beds from broad strip the eastern border between 
the anthracite fields Pennsylvania the north and the Alabama 
line the south. Beyond the latter, one finds the eastern side 
only Pottsville beds; later formations are unrepresented more 
than possible that they never were represented. 

Pocahontas deposits occupied area the eastern side, very 
narrow first but widening gradually toward the west until the close 
the stage, attaining the greatest width near the Tennessee-Virginia 
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line. Whether not they extended across Tennessee into Alabama 
cannot determined the stratigrapher, the must 
answer the question; but one can hardly resist the priori conclu- 
sion, whatever that may worth, that the Pocahontas did extend 
across Alabama and around the southwestern outlet, outlet 
westward for the waters the eastern valley appears Virginia 
and Tennessee, and there seems not the slightest reason for 
supposing eastern outlet anywhere the Atlantic. The New 
River area much greater, embracing the southern and middle 
anthracite fields the north, where the western limit well defined. 
the bituminous region, the eastern outcrop continuous from the 
northern limit West Virginia into Alabama, where the formation 
recognizable throughout the whole field; northward, the west- 
erly side Alleghania, occupies broad area the northern 
border Kentucky whence extends narrow strip almost 
Lake Erie. The Beaver, its close, evidently covered the whole 
basin from the northern border southward central Tennessee; 
beyond that line has been removed erosion for about miles 
and not reached again until one well south from the northern 
line Alabama. The stratigrapher cannot make correlation 
horizons there, but the presence Beaver seems established beyond 
doubt. 

The formations the Athens are recognizable the anthracite 
fields well throughout the bituminous region southward into 
Kentucky and West Virginia; how extensively they were repre- 
sented Tennessee undetermined. The Wheeling and Dunkard 
deposits, less original extent and confined the northern part 
the bituminous region, can studied not only means the many 
recorded exposed sections, but also means many hundreds 
oil-well records, which make clear the conditions they existed 
the deeper portions the region. 


The Sandstones.—Stratigraphers have asserted many times that 
sandstones are very little worth horizons. true that those 
deposits exhibit abrupt changes structure and composition, both 
laterally and vertically; and equally true that, not few 
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cases, sandstones, due filling valleys and occupying restricted 
areas, may misleading. Yet examination broad areas proves 
that many sandstones are great geographical extent, though often 
interrupted and sometimes assuming the form immense lentils 
embedded shale. general way, one may consider the varia- 
tions alike all; one locality, the mass may fine, coarse 
even pebbly conglomerate its different another, may 
wholly fine, coarse while third, may repre- 
sented more less argillaceous shale. may massive, irregu- 
larly bedded shaly and the change structure composition 
may abrupt almost imperceptible. There would appear 
system these variations; yet may prove worth the pains 
seek some explanation the conditions, for though the quest may 
fail complete success, one likely gather suggestions the 
way, which may prove service other directions. Four sand- 
stones have been selected for study: Bonair the New River, 
Homewood the Beaver, Pittsburgh the Monongahela and 
Waynesburg the Washington. But considering these, one 
must make comparison with others. 

The Bonair sandstone Campbell, midway the New 
River formation, can followed from its northern termination 
West Virginia, along the eastern outcrop, and from northern Ten- 
nessee, the western, almost continuously into the southeastern 
basins Alabama. The eastern and western prongs the sides 
Alleghania unite across that old ridge central Tennessee, whence 
the rock spreads sheet throughout the coal area southern 
Tennessee and Alabama. The northern limit the western side, 
the Ohio basin Schuchert, very near the northern line 
Tennessee where without pebbles; but within less than miles 
southward becomes notably pebble rock; miles east from 
the latter place described feet conglomerate and sand 
and similar description given for section miles 
south from the last; but miles south-southwest, the Bonair 
mass conglomerate with shale, and the rock still coarser 
few miles southeast, the eastern outcrop near the Alabama line. 
few places, the western outcrop swings several miles toward 
the west, approaching the border deposit, and shows another type 
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change. Putnam county, the sandstone very thin, with 
unusual thickness shale above and below it, the greater part 
the mass having been replaced with shale; Warren county, pebbles 
seem wanting and the rock merely cross-bedded sandstone. 
Where the mass passes under cover the east side this area, 
much less coarse than along the outcrop 

the eastern side the coal area Tennessee, the Bonair 
largely pebble rock near the Alabama line, but miles north, 
sandstone, feet thick, and this its character for several 
miles. But, miles from the Alabama line, mass con- 
glomerate and massive sandstone,” condition prevailing northward 
all exposures for about miles; but, thence until near the Vir- 
ginia line, the sections show only sandstone with some shale, there 
being apparently pebble rock. The outcrop this side trends 
considerably east north, that, near the Virginia line, one 
miles away from the western yet the rock without pebbles, 
whereas the western side, the Ohio basin, coarse and pebbly. 
The probable equivalent southwest Virginia for the most part 
loosely cemented sandstone with shale, changing shaly sandstone 
toward the west but becoming great sandstone with some pebbles 
few miles farther along the extreme easterly outcrop. Beyond 
New River West Virginia, the Bonair horizon has been recog- 
nized for about miles; ordinarily the rock merely sandstone, 
but, toward the northern termination, the outcrop carried eastward 
and, the extreme exposure, one finds the rock very coarse with 
quartz pebbles abundant and times with diameter inches. 
Westwardly decreases rapidly and within few miles thins out 
against the slope Alleghania.** 

Returning the south and going southeastwardly Alabama, 
one finds striking changes the Bonair. that state are several 
troughs, separated narrow intervals and lying southeast from the 
continuous area, followed thus far, while that area extends unbroken 


Campbell, recorded “Carboniferous the Appalachian Basin,” 
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FORMATION COAL BEDS. 459 


into the Warrior coal field. Raccoon mountain, prong from the 
continuous area, shows its westerly side the Bonair sandstone, 
feet thick and great part but the easterly side 
the thickness feet and the rock almost wholly pebbles. 
Blount mountain, the southern prolongation the east side 
Raccoon, the mass thickens southwardly along the strike 100 and 
finally, estimated, 500 feet. not pebbly throughout, but 
portions where conglomerate prevails, the pebbles are not cemented 
firmly. the small Lookout area, the Bonair feet thick 
and very coarse near the Georgia line, but miles southwardly 
moderately coarse sandstone. The Cahaba basin only short 
distance southeast the strike-line the Lookout, but 
interval sufficed for great change and the Bonair horizon marked 
more than 600 feet conglomerate, sandstone and gritty 
while the Coosa field, only few miles farther southeast, the rock 
coarse conglomerate about 500 feet thick. The Lookout area, 
the Tennessee line, barely miles from the present border 
Archzan and the Coosa area several miles nearer. The latter 
not more than miles from Raccoon mountain direction dip. 
The rock coarsest Coosa, less Cahaba, less Blount and 
still less Raccoon; the Warrior basin beyond, one finds the 
Bonair persistent almost the western boundary Alabama, but 
losing its coarseness and length replaced more less with 

Certain features the Bonair should emphasized. Where 
the western border its area approached Alabama and 
few localities central and northern Tennessee, the rock less 
thick, with few pebbles, more less cross-bedded sandstone, 
times replaced part with shale. Along the western outcrop 
Tennessee, aside from the extreme western localities, the rock con- 
sists, considerable spaces, very largely pebbles, while other 
and intervening considerable spaces, merely sandstone with 
layers pebbly rock varying number and thickness different 
localities. And this condition exists where the Bonair passes under 
cover toward the east, also where the equivalent area cut 
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the outcrop farther south. But where the horizon exposed the 
eastern outcrop near the Alabama line, and thence northward for 
miles the rock pebbly with layers conglomerate: while farther 
north, for equally long distance, the rock sandstone, rarely 
containing conglomerate layers but not unfrequently layers shale. 
must noted that spaces which conglomerate features prevail 
throughout the mass appear, from the descriptions, narrow and 
that bands conglomerate pass out from them into the sandstone 
both sides. times the conglomerate lentil the sand- 
stone. The features are the same the southeastern basins Ala- 
bama, for there the conglomerate shows vertical well horizontal 
passage into finer material. 

The other great sandstones the New River show similar varia- 
tions, but conditions successive beds are rarely the same any 
locality. The Etna sandstone, below the Bonair, can recognized 
almost equally great area; varies texture does the upper 
sandstone; but often comparatively fine-grained and without 
pebbles where the Bonair very coarse, and very coarse where the 
Bonair not coarse. The sandstones were formed after the same 
manner, though the local conditions varied. 

The Homewood sandstone White the closing deposit 
the Pottsville, apparently the first bed cover the whole extent 
Alleghania. was recognized the anthracite fields its 
lithological character and the identification was made complete 
White’s study the plants, which proves that underlies the 
first beds carrying Allegheny flora. can followed the 
bituminous region from northwestern Pennsylvania into northern 
Tennessee, beyond which central Alabama has been removed 
erosion. Its equivalent Alabama has not been determined. 

The Homewood is, for the most part, coarse conglomerate 
the southern and middle anthracite fields, becoming less coarse the 
latter, but even there containing pebbles the size hen’s 
egg. The coarseness decreases the northern field and the east- 
erly end the deposit sandstone with layers pea conglomerate.” 
The small Broad Top area, which may regarded the line 
strike with the northern field, shows only moderately coarse 
sandstone with occasional pebbles, rarely one half inch diameter. 
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Some insignificant fragments, containing score two square 
miles, remain, the northwest, between the northern field and the 
bituminous region. those, the rock for the most part massive 
conglomerate, with occasional fragments large walnut, but 
there little fine material, showing marked selection the 
depositing agent. Along the Allegheny front, the Homewood 
means coarse rock the north Clinton but Center, the 
next county south, has one part exceedingly coarse, with mostly 
quartz pebbles, times large egg. Blair, pebbles 
are reported but Bedford there are some pebbly layers; thence 
southward the Potomac, seems merely massive sand- 
stone. The only unexpected feature here the presence large 
pebbles Center county. 

This sandstone exposed frequently strip, miles wide, 
west from the Allegheny crest. the northern border Bradford 
county, contains occasional layers pea conglomerate, but those 
disappear quickly toward the west that pebbles are few the 
adjoining county. Southward the Conemaugh River, half way 
the southern boundary the state, there most localities only 
sandstone, sometimes broken shales; but Clearfield county, 
midway this strip, and just west from the Center county area, 
very coarse rock reported this horizon, there being layers 
conglomerate with quartz pebbles often large hen’s egg. 
The deposit irregular narrow space, extending half way 
across the county and the coarse material wanting the western 
border. This marks the eroded crest Alleghania and the Home- 
wood rests what seems the Logan lowest deposit the 
Mississippian. South from the Conemaugh, the Homewood vari- 
one locality has feet sandstone while miles away 
the interval filled almost wholly shale. But for the most part, 
from the Conemaugh the Baltimore and Ohio railroad West 
Virginia, the rock moderately coarse sandstone with occasional 
pebbles, seldom larger than pea. 

Farther west Pennsylvania, the Homewood sandstone 
all localities along the northern border, varying thickness from 
feet expense underlying beds. Pebbly layers occur 
times but the pebbles are small; southward, Clarion and 
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Venango, coarse somewhat pebbly sandstone some locali- 
ties but shaly others; there, northern Butler, varies from 
from feet, being thickest the north where varies 
from good building stone pebbly rock, while farther south 
Lawrence the horizon marked shale coarse pebbly rock, but 
most the county seems represented fine material. 
This within the drift covered area and the exposures are not suffi- 
cient for determining the relations the pebbly 

The change beginning western Pennsylvania becomes very 
marked Ohio. Along the northern and western outcrop the deposit 
wholly indefinite, being mostly shale, sandy argillaceous, with 
occasionally some shaly sandstone. great the contrast between 
these and the eastern conditions, that for generation the relations 
between the Ohio and the Pennsylvania Measures were ground for 
very serious dispute. The Homewood nowhere Ohio impor- 
tant member the section. Kentucky the interval filled with 
characterless shale and sandstone. northern Tennessee, the sec- 
tion extends and above the Homewood horizon and without doubt 
one the important sandstones equivalent the Homewood. 
the eastern side Virginia and West Virginia, the horizon distinct, 
though some localities, north from New River the latter state, 
one cannot differentiate the Homewood from underlying beds. But 
the rock underlying the Allegheny flora usually well-marked 
sandstone for least miles north from that river; there, how- 
ever, the outcrop turns toward the east anc the rock becomes pebbly. 
Tucker county, the last eastward exposure shows feet rock, 
the lower portion for feet being massive conglomerate. West- 
wardly from the outcrop, the rock rapidly becomes less coarse and, 
within score miles, shaly sandstone shale. 

The Homewood buried deeply the greater part West 
Virginia, north from the Kanawha River, well eastern Ohio 

and Stevenson are recorded “Carboniferous the 
Appalachian Basin,” above, pp. 42-70. The reader will find admirable 
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and southwestern Pennsylvania. For that area one can depend only 
the series oil-well records, chiefly those collected and collated 
White. Where exposed along the eastern and southern 
border West Virginia, the horizon marked usually sand- 
stone, seldom very coarse and sometimes shaly. the interior 
deep part the basin, where the coal beds are indefinite, not 
always easy carry the section, though the drillers find difficulty 
identifying the horizon. the north, the Panhandle,” the 
Homewood seems represented most cases shale, sandstone 
occurring, for the most part, filling valleys. also Washing- 
ton Pennsylvania and Wetzel West Virginia the interval 
frequently filled with shale. The horizon indefinite 
many records marked sandstone, many others shale. 
There room for doubt that, considerable spaces, sandy shale 
was consolidated into sandstone; but careful tabulation has con- 
vinced the writer that, not few the long lines records 
reporting sandstone, one has merely the records subaerial valleys 
eroded not long before after the close the Beaver. 

The Homewood material came from all sides the basin. 
the eastern side, the quartz pebbles from the old Appalachian land 
decrease rapidly size the strip coarse rock Center 
and Clearfield counties Pennsylvania with possibly related patches 
Jefferson and Elk counties well similar strip near the 
northern outcrop may records valleys heading east from the 
present Allegheny front. The materials the west came clearly 
from the low slopes Cincinnatia and from the north. The very 
marked variations thickness, always the expense underlying 
beds, leads one suppose that the irregular crustal movements, 
characteristic the Allegheny, had already begun. 

The Allegheny was time great irregularity deposition, 
there being abundant evidence subaerial erosion many places 
and different horizons; and the old valleys have been filled, 
most instances, with more less pebbly sandstone. the south- 
east the formation marked coarse massive sandstones extending 
into the Conemaugh, which cross West Virginia southwest direc- 
tion; but they lose their coarseness quickly toward the northwest. 
The sandstones this formation well those the Conemaugh 
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become less important Ohio, where occasionally they contain some 
small pebbles. 

The Pittsburgh sandstone Rogers, the first great inor- 
ganic deposit the Monongahela, separated from the underlying 
Pittsburgh coal bed shale varying much 
wanting. The distribution and characteristics this sandstone 
show that great changes had taken place since the close the Beaver, 
even since the close the Allegheny. The area now exists 
restricted the southwest corner Pennsylvania, narrow strip 
eastern Ohio and north central West Virginia. syn- 
clinals the east far the Potomac area Maryland and West 
Virginia may regarded evidence that the eastern border the 
deposit was not more than miles west from the Archzan 
Appalachia. 

The horizon marked shaly sandstone and sandy shale the 
outliers, but when one, going westward, reaches the continuous area 
Westmoreland and Fayette Pennsylvania, finds commonly 
hard massive sandstone, occasionally changing into shaly sandstone. 
White has followed this West Virginia the Kanawha River 
and thence along the southern outcrop into Ohio. There, Penn- 
sylvania, the rock often coarse, times forms cliffs, feldspathic, 
seldom pebbly, except the southwest, and the pebbles are always 
small. Within little more than score miles from the eastern 
outcrop this rock disappears, permitting, southern Pennsylvania 
and adjacent part West Virginia, the Redstone limestone rest 
the shale overlying the Pittsburgh coal. The change very 
abrupt. Morgantown, West Virginia, this sandstone, feet 
thick the east side the Monongahela River, absent the 
west side and its interval has disappeared from the section. 
Pennsylvania, this sandstone extends southwardly from the northern 
outcrop miles but thins westwardly that the West 
Virginia absent. Its continuity along the northern 
outcrop broken and gap perhaps miles the panhandle 
and Jefferson county Ohio, but the rock reappears Harrison 
county the latter state, where feet thick. Thence 
has been followed southern Ohio, where continuous with the 
southern border determined White West Virginia. 
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Whether not the sandstone existed the northern area, where 
trace remains, cannot determined. Erosion has removed the 
whole section the space where the sandstone should present 
but seems probable that the sandstone was not wholly continuous, 
outlying exposure Jefferson county Ohio shows only 
shale. Aside from this gap the northwest, the sandstone prac- 
tically continuous around the whole Monongahela area; often 
coarse, sometimes shaly, others massive, seldom pebbly, except 
the southwest, where has conglomerate layers with pebbles 
inch diameter; occasionally replaced with sandy, even 
argillaceous shale. thins away rapidly toward the center the 
area; well records the deeper part West Virginia frequently 
note sandy shale sandstone, just above the Pittsburgh coal bed, 
but, view the disappearance the deposit the border the 
area, these occurrences cannot taken its equivalent. 

The material came from all sides the basin, clear from 
the distribution, but the western and southwestern outcrop the 
rock coarse, times even conglomerate, whereas the earlier sand- 
stones are fine grained. the conglomeratic sandstones top 
the New River were exposed erosion this time, one would have 
difficulty determining the source the material. That those 
sandstones were exposed appears the more probable when one con- 
siders that the area deposition had become greatly restricted. 
The coarse rocks the Logan southern Ohio, long exposed, may 
have yielded some the material, but Hyde’s description those 
deposits makes clear that they were not the source the larger 
pebbles. The character the material along the eastern outcrop 
suggests that had come from distance and had been rehandled 
many times. 

The higher sandstones the Monongahela Pennsylvania are 
mostly small areal extent and are present for the most part 
the borders the Monongahela area; but West Virginia they are 
thicker and more extended. Yet there Pennsylvania they 
decrease toward the center the area and are replaced with finer 
deposits. 

The Waynesburg sandstone, separated thin deposit shale 
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from the underlying Waynesburg coal bed, the first important 
member the Washington formation. 

This sandstone was not seen the Broad Top basin Penn- 
sylvania but present and feet thick the Potomac region 
western Maryland. The horizon not reached other outlying 
patches the higher coals and only occasional fragments remain 
the extreme east side the continuous Washington area. These, 
separated intervals several miles, consist coarse sandstone 
containing pebbles small size, scattered irregularly throughout 
the mass. six eight miles farther west, the rock 
the northern outcrop from feet thick, consisting 
sandy shale laminated sometimes massive sandstone; thence 
the West Virginia line the same character persists, though the lower 
part tends become massive and the thickness increases times 
feet, but not expense underlying deposits. Oil well 
records show hat the extreme southwest corner Pennsylvania 
this Bluff Sand” the drillers persists with thickness 
feet. Westwardly into the West Virginia panhandle the deposit 
somewhat thinner, less well consolidated, while the lower portion 
occasionally contains pebbly layers. Southwardly West Virginia, 
White has followed the Waynesburg sandstone along the east- 
ern and southern outcrop into Ohio. feet thick and 
for long distances forms rugged cliffs. the southeast, the 
Pocatalico River, found massive, very coarse and pebbly. 
the interior West Virginia, this sandstone persistent all well 
records southward some distance beyond the Baltimore and Ohio 
main line and westward the middle line Doddridge and Wetzel 
counties. Farther west, seldom enough consolidated 
called “sandstone” the drillers’ record. Farther south, the 
records can hardly compared; typical horizons are lacking 
considerable area and the region marked notable irregularity 
intervals. 

Following the northern border, one finds this sandstone feet 
thick Jefferson, Harrison and Belmont counties Ohio and 
persistent thence along the western outcrop. Morgan county 
contains layers pebble rock; western Washington feet 
sandstone with pebbles reported, while the southeastern 
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part that county massive pebble rock extends times almost 
100 feet above the Waynesburg coal bed. Within the oil region 
the same county the Waynesburg represented feet pebble- 
rock. Athens and Meigs coarse sandstone, times 
pebble-rock the latter county, where becomes continuous with 
the southern outcrop West Virginia. 

The Waynesburg sandstone can traced almost uninterruptedly 
around the Washington area; extends many miles farther south 
and west into the interior than does the Pittsburgh the 
western outcrop coarser than that deposit and shows the pebbly 
layers much farther northward, while extends many miles farther 
eastward. The north-south area, which not recognizable dis- 
tinctly comparison drillers’ records, not more than miles 
wide and 100 miles long. The rock varies structure, often abruptly, 
that within very short distance the topography may change from 
rude gentle outlines; but the variations are like those other 
sandstones. The conglomerate bands and occasional areas con- 
glomerate rock the western that the source 
the Pittsburgh pebbles had become more available. The presence 
conglomerate and very coarse sandstone Pocatalico the south- 
east outcrop certainly indicates source pebbles not far away, 
but the occurrence may indicate also buried valley. 

The higher sandstones the Washington are very indefinite 
the north, where the changes are frequent that the beds must 
taken lentils great extent; but the Marietta sandstones 
White are the southwestern part the area, where, 
earlier times, only irregular deposits existed. This group was named 
because quarried near Marietta the Ohio River Washington 
county Ohio; but recognizable for scores miles each 
direction within the Central area, where red shales are the striking 
feature, where the earlier sandstones have disappeared replaced 
with the red shale containing lentils sandstone. They indicate 
extensive exposures coarse rock the southwest and west. 

Sandstones the Greene closing formation the Penn- 
sylvanian tell even more clearly the changing conditions. The 
great Fish Creek and Gilmore sandstones near the top the forma- 
tion occupy the middle line the area from their northern outcrop 
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their last exposure West Virginia. They are coarse, loosely 
cemented and weather into caverns. The area which they remain 
too narrow afford information respecting the local conditions 
deposit. Their presence along the middle line the area, where 
the lower formations have little aside from fine materials, marks the 
approaching close deposition the Appalachian basin. 

evident that the materials for these sandstones had not 
common source. The Bonair, east from Alleghania, received its 
sand and pebbles from the east, from Appalachia; becomes less 
coarse approaches Alleghania but beyond that ridge again 
coarse, even pebbly. The sands and pebbles this western prong 
must have come from the north did those the still newer beds 
the New River. The Homewood like the Bonair very coarse 
eastern parts the basin but the pebbles decrease size well 
number toward the northwest. But much western Penn- 
sylvania, the rock coarse and more less pebbly. Here again 
one must look the north for the source coarse material; none 
could come even from the line the present Allegheny mountains, 
for there the rock without coarse elements except along narrow 
easterly-westerly lines, marking filled valleys, cut probably the 
sandstone itself. The fine sands and argillaceous shales, com- 
monly marking the horizon Ohio, point unmistakably the low 
Cincinnatia the west their place origin. sandstones 
the higher formations extend successively farther toward the in- 
terior the area deposit, and for the most part become coarser 
and less firmly cemented one ascends the series. The area 
deposit was contracting throughout and elevation along the borders 
permitted the streams cut down the coarse beds earlier 
formation. 

The abrupt variations structure and composition, laterally 
and vertically, seem find explanation the phenomena actual 
river deposits. River phenomena are distinct the Bonair west 
from Alleghania. Along the middle line the old channel way 
the rock coarse, usually with abundant pebbles considerable 
size, but each side the coarseness diminishes that, the east, 
one finds sandstone with pebbly layers and, the west, merely 
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cross-bedded sandstone with shale. Where the sandstones extend 
over broad areas, the conditions are less quickly apparent; but the 
channel-ways streams across the often flooded plains are marked 
the lines coarse materials, while the migrations those 
streams are recorded pebbly bands various levels, now one, 
now the other side the more less persistent channel-way. 
The form the pebbles and the sand grains that due the 
action running the remarkable freedom from argillaceous 
matter characterizing many sandstones and conglomerates could 
brought about only running water supplemented, perhaps, 
the winds. 


Other features the sandstones deserve consideration. 

Tree-trunks have been observed sandstones all ages since 
the Devonian. Long ago Hall found fragmentary stems the 
Devonian New York; Dawson reported them from rocks the 
same age Canada; Sherwood saw them northern Pennsylvania 
and Newberry described forms from the Lower Devonian Ohio. 
Such stems are not rare the Upper Pocono (Logan) Pennsyl- 
vania; they have been reported from the New River beds Ohio, 
the Beaver beds Pennsylvania, Ohio and West Virginia; the 
Millstone Grit New Brunswick; the Allegheny beds Penn- 
sylvania and West Virginia and occasionally from sandstones 
higher formations. They are characteristic Carboniferous sand- 
stones other areas well those other 

fine grained sandstones one usually finds only small pieces 
and comminuted fragments wood but occasionally large almost 
uninjured stem has been found, resembling those sometimes dropped 
overflow plains receding floods. Large trunks are not re- 
ported from many localities but they have been seen most frequently 
coarse sandstones. Hildreth saw some more than feet long 
Beaver sandstone the Kanawha River; another stem, 


“S. Hildreth, Amer. Jour. Vol. pp. 22, 37, 73, 76, 107; 
Lesquereux, Geology Pennsylvania, 1858, Vol. 840; Platt, 
Sec. Geol. Surv. Penn., Rep. 1874, 23; Sherwood, ibid., Rep. 
1878, pp. 21, 38-40; White, ibid., Rep. 1878, 203; Rep. 
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probably Allegheny sandstone the same river, was not less 
than feet long. the fragments mentioned observers 
are much smaller, rarely exceeding feet; they are broken 
the ends, without trace root branch; some appear have 
retained their bark when entombed, but, great proportion 
the instances, the rock contains indeterminate casts the stem 
with scattered impressions the bark. The battered fragments 
are unquestionably those floating wood which had long endured 
exposure, while those which show injury, aside from loss 
roots and branches, were probably prostrate stems carried from 
flooded plain. There seems general distribution stems 
any sandstone; each case the occurrence noted ob- 
server interesting local phenomenon. the materials had 
been carried out great basin, where the plant remains could 
float until water-logged, there would have been general distribu- 
tion over wide area, such that described Agassiz 
existing off the coast Lower California and the Caribbean; 
but the condition wholly different the Coal Measures sand- 
stones and bears close resemblance that observed the rivers 
this day, where logs and undermined trees are stranded the 
banks gravelly islands attacked successive floods and, 
after removal the fragile portions, buried the accumulat- 
ing deposits. 

The less injured fragments, retaining the bark, differ much 
from those found coal beds that commonly they are but 
slightly deformed pressure—and this spite the fact that 
ordinarily they are merely casts surrounded brilliant coal from 
the bark. Prostrate trunks coal beds are flattened, while stumps 
the coal retain the wood, converted into mineral charcoal and 
surrounded the brilliant coal. may that the uncompressed 
stems were those thrown upon sandy bars decay slowly and 
have the interior replaced with sand, while the battered fragments 
may have remained long above reach ordinary floods, 
swept away only after loss the interior. But any event, one 
must recognize that the small quantity the wood found sand- 
stones very important matter; the sandstones 
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glomerates mark times when activity denuding agencies was 
greatly increased, when the destructive effect floods upon vegeta- 
tion ought most marked. 


Surface features sandstones received little attention from 
earlier observers the Appalachian basin. Ripple marks, sun 
cracks and rain prints seem have been regarded mere common- 
places and the recorded observations are merely incidental. Ob- 
servers recent years have recognized the importance these 
surface markings. 

The ripple wave marks some Silurian sandstones attracted 
attention long ago, they are exposed broad spaces and, for the 
same reason, occasional references are found similar mark- 
ings some Devonian beds. The earliest note respecting their oc- 
currence Carboniferous rocks that who says the 
sandstones Formation that “beautiful ripple markings are 
often met with the surface the large slabs the finer 
these sandstones.” This formation equivalent the Upper 
Pocono Pennsylvania; and the observation important because 
was made the area where the earliest coal beds were 
The rocks are the lowest division the Mississippian Lower 
Carboniferous. 

have recorded observations wave marks and mud cracks the 
Mauch Chunk Pennsylvania and West Virginia; and Barrell 
has discussed their importance memoir which reference will 
made another page. 

Scattered observations show that such surface markings are 
common occurrence Pottsville Smith obtained fine 
slab sun-cracked sandstone New River age near Huntsville, 
Alabama; Ashley reports sun cracks New River sandstones 

“W. Rogers, “Report the Geological Survey the State 
Virginia for 1837,” reprint, Boston, 1884, 183. 

October 24, 1911; Foster, cited Lesley Manual Coal and 
its Topography,” Philadelphia, 1856, 105; White, Sec. Geol. Surv. 


Penn., Rep. Q3, 1880, pp. 194, 195. 
PROC. AMER. PHIL. SOC., LI, 207 PRINTED DEC. 14, 1912. 
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Cumberland and Rhea counties, Tennessee, the former being the 
western, the latter the eastern outcrop; Foster described coarse 
sandstone Licking River, Ohio, with ripple marks and indistinct 
fucoids, the latter being most probably casts sun cracks. White 
reports the flags quarry Mercer county Pennsylvania 
showing both ripple marks and rain prints. 

The writer finds record ripple marks sun cracks 
sandstones the Allegheny. Several correspondents assert that 
they have seen them frequently but cannot remember the localities 
entries were made the note books. observed 
excellent examples the Conemaugh Ohio feet below the 
Pittsburgh coal bed and feet below the Ames limestone. 
Stevenson saw Fayette county Pennsylvania Conemaugh 
sandstone which the layers, exposed quarry, are covered with 
irregular ripple marks, closely resembling those made winds 
dunes sand plains. laminated sandstone feet below the 
Pittsburgh coal, Allegheny county, ripple marked many 
the surfaces. Fayette county, the shales overlying the Pitts- 
burgh coal frequently contain thin layers ripple marked sand- 
stone and Greene county the Pittsburgh sandstone shows the 
irregular trails known Spirophyton. Fayette and Westmore- 
land counties, ripple-marked surfaces characterize the Waynes- 
burg sandstone the base the Washington formation. The 
uniform testimony those who have studied the Appalachian basin 
that ripple marks and sun cracks are familiar phenomena the 
Coal Measures sandstones the clayey films separating the 
layers. 

Footprints sandstone have been reported from but one locality. 
King long ago announced the discovery and the occurrence was 
confirmed sometime later when and studied the rock 
together. The quarry Conemaugh sandstone was about miles 
southeast from Greensburg, Westmoreland county, Pennsylvania. 

Condit, letter February 14, 1912; Stevenson, Sec. Geol. 
Surv. Penn., Rep. 1876, pp. 200, 208, 309; Rep. KK, 1877, pp. 31, 208. 

Lyell, “On Footmarks Discovered the Coal Measures Penn- 
sylvania,” Quart. Journ. Geol. Soc., Vol. 1846, pp. 417-420; Vol. 
1851, 244. 
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The sandstone, thin flags used for paving, divided 
unctuous clay, which received and retained the impressions. 
Twenty-three footprints were obtained, all them the under 
surface slabs, casts relief impressions made upon the clay. 
There were also casts shrinkage cracks the clay, made after 
the footprints were formed. Rain prints were observed the 
slabs which Lyell took England. 

The sandstones other coal fields have similar markings; 
Ashley has described ripple-marked sandstones Indiana and 
Udden has found them Illinois. who recognized the 
importance recording all observations, has noted the occurrence 
ripple and rain marks well footprints many localities 
within the Acadian areas. sandstone South Joggins shows 
distinct rain and footprints; the shore Northumberland 
strait, where the strike coincides with direction the shore, great 
surfaces are exposed with ripple marks and worm trails. 1842, 
found, near Tatamagouche, footprints rippled surface and 
1843 discovered two other series prints, one which was 
somewhat defaced rain marks. Many beds within this region 
have ripples, rain marks, worm trails and sun cracks clay lamine 
within the sandstones. Lyell summarized the information respect- 
ing them. has recorded similar conditions Lancashire 
England and Miller has described the footprints Dalkeith 
Similar markings are reported from almost all the 
large coal areas, and they are characteristic sandstones contain- 
ing laminz clay which the markings were impressed. 

Many authors have noted the Vegetable soils” Ancient 
observed sandstone. These may marked local 
deposits coal erect trees situ, with without traces 
coal around the roots. 

Dawson, Acadian Geology,” ed., 1868, pp. 167, 215, 217, 325, 
328, 355, 357, 410; Supplement, 1878, pp. 62, 64. 

Lyell, “On Fossil Rainmarks the Recent, Triassic and Carbon- 
iferous Quart. Journ. Geol. Soc., Vol. 244; Hull, 


“Geology the Country around Wigan,” ed., Mem. Geol. Surv. Great 
Britain, 1862, pp. 
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The official reports note the not infrequent occurrence coal 
patches sandstone, some them only yard but others several 
rods long and wide. Without doubt, not few these are merely 
blocks vegetable matter removed sand-laden streams during 
change but others, such that described 
are unquestionably situ. this case, the deposit 
impure cannel, feet thick where opened, but disappearing all 
directions within few rods. evidently marks the site 
shallow pond the sandy surface, which was filled with sapropel 
material. probable that similar explanation applies many 
other cases, impure cannel is. the usual material. 

Not many references erect trees sandstone are found 
reports the Appalachian basin; such trees, for the most 
part, are rooted shales. has mentioned the occur- 
rence forest Sigillaria and Calamites sandstone over the 
great coal bed Carbondale the Northern Anthracite field. This 
seems the only recorded instance where the relations are 
clear; but observed several ancient soils sandstone. 
His Division 650 feet thick, has two old soils with erect trees; 
Division 2,134 feet thick, has many with erect trees, the old 
soils being most cases very thin shale enclosed sandstone. 
one locality this thin shale bears erect Calamites and shows rain 
prints well footprints another, somewhat lower. 
with erect stems, has yielded several species batrachians well 
remains insects and land mollusks; another, the sandstone 
cliff shows trees pillars sandstone and with them are 
sociated Calamites, all vertical the bed, which inclined 
degrees. the sandy flat, supporting the trees, was inundated 
and covered with sand; time, the trunks rotted and were broken 
off covered the increasing deposit, which filled the interior 
the decaying stem. another horizon, one stem rises feet 
and surrounded sandstone and the succeeding shale, but another 
reaches only the top the sandstone. this sandstone there 
White, Sec. Geol. Surv. Penn., Rep. 1878, 202. 


Dawson, Acadian Geology,” pp. 156-178. 
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grew forest Calamites, which, their turn, were surrounded 
the mud, which reaches the top the larger Sigillaria. This 
growth Calamites sand, which had buried the Sigillaria, 
recalls the conditions Topeka, Kansas, already described, where 
during great flood the young trees large nursery were buried 
sand, which dense growth cottonwoods developed within 
few weeks. The conditions recall also those described Russell 
the Yahtse River Alaska. The trees were killed, not broken 
the mass gravels; the trunks decayed, some were broken off 
the wind and the stumps were buried under new material brought 
down the river, but others remained, the time Russell’s 
examination, projecting many feet above the surface. 


The evidence all points one direction. The buried channel- 
ways, the cross-bedding reported many localities and the rounded 
pebbles indicate river not shore deposit. Plants buried situ 
inundation, the ripple-marked and sun-cracked surfaces, the rain 
prints, the footprints batrachians, the pool-like accumulations 
vegetable matter, the absence marine fossils and the distribu- 
tion the coarser materials make up, altogether, mass evi- 
dence which difficult not impossible controvert. The sand- 
stones were great flats, subject inundation the rivers which 
they owed their origin. There appears evidence support 
the supposition that they are either shore deepwater deposits. 


The Measures shales vary structure from 
merely compacted muds finely coarsely laminated beds; 
composition from fine clay sand impure limestone; color 
from almost white black, the latter often passing cannel 
even ordinary coal. Thick deposits shale frequently hold 
lenses sandstone and similar lenses shale occur sandstone. 
Some shales are rich remains marine, brackish water 
freshwater fauna; others are crowded with impressions land 
plants, retaining the most delicate markings all parts; others 
have only indistinct plant remains, with which marine fauna some- 
times occurs; others still, notable thickness and area, have rare 
and mostly obscure traces either vegetable animal life. 
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Sandstone predominates the Pottsville but later formations 
shale characteristic feature. This true the anthracite area 
almost equally with the bituminous region, appears from the 
sections and drill-hole records published the Pennsylvania 

The anthracite region, including the broad eroded 
tween the coal fields, about 100 miles, but the coal area, 
which has escaped erosion, considerably less than 500 square miles. 
The Pottsville deposits are almost wholly sandstones conglomer- 
ates except locally the Eastern Middle, where the Beaver shows 
here and there thick beds shale, feet thick. Conditions 
changed gradually after the beginning the Athens, that above 
the Mammoth coal bed, identifiable with comparative certainty 
throughout much the area, one finds abundance shale. the 
northeast the Southern field, one section has 194 feet shale 
total 218; another has one bed, feet, and three thinner 
beds 257 midway the field, some sections show nearly one 
half shale 900 feet above the Mammoth. There much varia- 
tion thickness and position the shale beds and none 
persistent all the sections. the Western Middle, the thickest 
bed the easterly end but feet, but farther west are beds 
107 feet with others less thickness, while the western 
end shale and sandstone are often equal thickness. The propor- 
tion fine shale above the Mammoth large most 
the bituminous region and some the beds are thicker than any 
there outside the central space West Virginia. Farther south 
along the eastern border Alabama, where only the Pottsville 
remains and the conglomerates are thick and coarse, one finds great 
beds finer materials, though argillaceous shale seems com- 
paratively unimportant. 

Sandy shales are closely related distribution the sand- 
black carbonaceous shales will considerd connection 

survey the anthracite fields was planned Ashburner 
and was executed under his direction. His death occurred after comple- 
tion the work but before preparation the report. Discussion the 


results was assigned Smith and given Vol. III. the 
Final Report. 
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with coal beds; necessary here study detail only the red 
shales and note few matters concerning shale deposits generally. 
The Red Shales.—The red and green muds and laminated sand- 
stones the Catskill pass gradually into the early Carboniferous 
great area within Pennsylvania and Virginia. like manner, 
the red shales the Upper Mississippian pass into the Pottsville 
through transition series sandstones, conglomerates and red 
green shale beds, this feature being especially characteristic the 
southern anthracite field, where the column complete. The reds 
and greens the Catskill mark condition, which originated 
southeastern New York during the Middle Devonian and spread 
slowly west and southwest, reaching southwestern Pennsylvania late 
the Chemung, the last great division the Devonian. The con- 
dition, whatever its cause may have been, appears have been with- 
out relation the character the water; the fauna the northern 
portion the area freshwater, but southwestern 
very near the termination the red deposits, Spirifer disjunctus 
and some other forms were obtained the top the formation, 
showing that marine conditions reached far northward New 
River and that they were not inconsistent with the deposition red 
beds. The Mauch Chunk Upper Mississippian red beds seem 
have yielded marine forms eastern Pennsylvania, but south- 
ern Pennsylvania and southward, the middle and lower portions are 
gradually replaced with the Maxville limestone, which marine, 
while western Pennsylvania the upper portion Shenango shale 
has yielded marine forms Crawford, Mercer and Fayette coun- 
The fossils are large and they did not live amid unfavorable 
conditions. The shales are red Fayette county, that again 
evident that influx salt water did not prevent formation red 
beds. The Pennsylvanian red shales have neither the constancy nor 
the extent those the Catskill and Mauch Chunk, but they resem- 
ble the former that the conditions favoring their formation existed 
first small area, whence they gradually spread; they differ 
Stevenson, The Chemung and Catskill the Eastern Side 
the Appalachian Basin,” Proc. S., Vol. XL., 1891, separate, 


White, Sec. Geol. Surv. Penn., Rep. Q4, 1881, 77; Steven- 
son, ibid., Rep. KKK, 1878, 308. 
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that after maximum area was reached, the conditions ceased 
general, became more less localized and the deposits were 
isolated, times widely separated. 

The earliest appearance the Pennsylvanian reds the New 
River northwestern Georgia, where two beds, and feet, were 
found, with 103 feet variegated shale reds are 
reported from the Pottsville the anthracite region and they are rare 
the Allegheny, occurring only the lower part that formation. 
bed, feet thick, was found near Drifton the Eastern Middle 
feet below the Buck Mountain coal bed and, near Harleigh, 
thin bed underlies that coal. the northern part the field, soft 
red sandstone few feet below the Mammoth and near Har- 
leigh thin bed red sandstone overlies the Buck Mountain; 
few miles west, the Western Middie, some thin streaks red 
shale exist between the Buck Mountain and the Mammoth. These 
are all within narrow north and south space and must have been 
brought down from the Alleghania slope. 

Red shale first appears the bituminous region during the latter 
part the Allegheny. The most southerly locality Boyd county 
Kentucky, where feet green and red shale were seen near 
the top the formation. The deposit altogether local, for meas- 
ured sections and well records adjoining counties Ohio and 
West Virginia show trace red this horizon. The nearest 
notable deposit more than miles distant toward the northeast 
Washington county Ohio, where feet red shale begins 
503 feet below the assumed place the Pittsburgh coal bed and 
extends downward the middle the Allegheny. There, one has 
reached what may termed the Central area, which red shales 
are striking feature from the middle the Allegheny the close 
the Pennsylvanian. This area embraces contiguous portions 
Washington county Ohio, Wood, Ritchie, Wirt, Calhoun, Roane, 
Jackson, Gilmer and Clay counties West Virginia, all not far 
from 3,500 square miles. Red shale the Allegheny reported 
here and there from other counties but each case the deposit 
insignificant. 

Spencer, The Paleozoic Group,” Geol. Surv. Georgia, 
139. 
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the beginning the Conemaugh, one finds the eastern 
and northern parts the bituminous region important sandstone, 
which becomes unimportant the western outcrop Ohio. 
several counties within the Central area, its place occupied red 
shale. The same material occurs occasional borings farther north 
near the Pennsylvania line and thin streaks are reported few 
wells north from that but these occurrences seem isolated. 
one rises the Conemaugh, finds the areas increasing, for 
widely extended deposits appear below the Cambridge, the first per- 
sistent limestone the Conemaugh. this horizon the reds, 
though variable, are thick some portions the Central area and 
very irregular others; but conditions favoring deposition reds 
existed many localities, somewhat widely such deposits 
are reported from the Central area; from Ohio 100 miles toward 


the from the northern counties West Virginia; from several 
counties southwestern Pennsylvania well from Webster 
county West Virginia the eastern outcrop. Away from the 
Central area, most the deposits are thin, apparently small area; 
their interrelations cannot ascertained but there doubt that 
many them were wholly isolated. They suffice show that, 
prior the formation the marine Cambridge limestone, conditions 
favorable deposition red shales existed very many localities 
within area not less than 10,000 square miles. 

The Pittsburgh reds White underlie the Ames limestone, 
which carries marine fauna and midway the Conemaugh. This 
interval between the two marine limestones marked the greatest 
expansion reds within the Appalachian basin. trace the 
deposit seen the eastern side the bituminous region except 
small space within western Maryland and the adjacent part 
Pennsylvania. Aside from that locality seems absent along 
the eastern outcrop Pennsylvania and West Virginia well 
along the western outcrop Ohio. But the interior portion 
the bituminous region the Pittsburgh reds are present from Boyd 
county Kentucky the northern outcrop, distance 275 miles, 
and the width times miles, giving area certainly not 
less than 17,000 square miles. The thickness varies; becomes 
almost 250 feet some localities, when the mass continuous below 
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with that under the Cambridge limestone and others where 
continuous with that above the Ames; but notable throughout 
its whole extent; even the northern border, where other reds 
are found the Conemaugh, the Pittsburgh reds are from 
feet thick. the same time, must noted that this, like those 
which precede and those which follow, sense uniform 
the variations thickness and character are greater than 
those the sandstones and are marked extreme irregularity. 
Making all allowance for defective methods keeping the records 
borings, one must recognize that mass red shale, feet 
thick one well, may replaced, even the Central area, with 
sandstone another well only 200 feet away; that red shales alter- 
nate vertically with light gray, blue almost white shales well 
with gray white bluish sandstones; comparison well records, 
preserved and collated White the West Virginia reports, 
leaves room for doubt that red shales are often continuous later- 
ally with light colored shales and sandstones, and that the transition 
may take place within few rods. But the upper portion, the 
Pittsburgh reds are nearly continuous throughout the whole area 
any other deposit the series. 

The Washington reds, the Big the drillers, follow the 
Ames limestone and, where that rock absent, are often continuous 
with the lower deposit. This mass spreads with considerable thick- 
ness into counties adjoining the Central area but underlies not 
much more than 4,000 square miles and absent many places 
even within the main red area. seems wanting most 
Ohio, but thickness feet reported Muskingum county 
miles from locality the Ohio River, where said 
100 feet thick, reds having been observed the intervening space. 
occurs red shale occasionally northern West Virginia but 
seems wanting Pennsylvania, though its place marked 
the fine-grained Birmingham shale that state. Its variations later- 
ally and vertically are wholly like those the Pittsburgh. The area 
red shows more notable contraction the upper part the Cone- 
maugh, but, locally, the reds were deposited area almost 
great that the Pittsburgh. Thick deposits are reported from 
some counties within the Central area and none whatever from 
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isolated deposits are reported from counties Pennsyl- 
vania and from Ohio but there seems very little the 
greater part West Virginia. The total area the reds during the 
later Conemaugh any one time was less than 1,000 square miles 
and the deposits are widely separated. the same time, one must 
note carefully that, while the deposits are usually small superficial 
extent, yet the thickness some important. 

The conditions during the Monongahela were much like those 
the end the Conemaugh but the area which deposits were 
made much less. red reported from Pennsylvania except 
thin streak one locality, nor there any the West Virginia 
panhandle. There none Ohio except near the Ohio River toward 
the Central area. But, one approaches that area, the red increases 
and some the beds are important. West Virginia, there seems 
very little along the eastern side north from the Kanawha 
River and the interior the occurrences are few and irregular until 
one comes the Central area, where beds are many but more irreg- 
ular than any time during the Conemaugh. Ritchie county, 
every foot the section for 300 feet above the Pittsburgh coal bed 
marked red shale some well another; but that statement 
tells little the conditions. The beds vary from 
feet measured different records; some borings, one finds 
220 feet red vertical distance 300 feet, while others 
near the total less than 100 feet. Similar variations are found 
other counties but the maximum thickness less. Aside from the 
insignificant and distant patches Pennsylvania and Ohio, the area 
which reds were deposited various times during the Mononga- 
hela less than 4,000 square miles and deposit has great super- 
ficial extent. 

During the Washington, local conditions favoring deposition 
reds existed here and there much greater area; but the condi- 
tions were local. Reds are reported from three localities Wash- 
ington and two Greene county Pennsylvania; from six Ohio; 
from number places northern West Virginia; but these are 
all far apart and the most them are insignificant. Only when one 
reaches the Central area does find the deposits assuming impor- 
tance. Even there the occurrence indefinite; boring Wood 
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county, West Virginia, passed through two beds, 100 and feet 
thick, but another well, only short distance away, the same inter- 
vals show and feet red. Greater contrasts appear elsewhere, 
for thick deposits red one well are replaced with sandstone 
another, less than one eighth mile distant. 

The story the same for the Greene. southwestern Penn- 
sylvania deposits, feet thick, were seen, but they are local, 
being absent sections four five miles away. There are certainly 
some reds the formation within the West Virginia panhandle, but 
the exposures not admit measurement. Some important 
deposits are reported farther south along the Ohio River but for the 
most part little information exists respecting them. The Greene 
formation West Virginia contains nothing economic worth and, 
with the exception one persistent limestone, there are definite 
horizons. There seems only monotonous succession shales 
and soft sandstones, all ill-exposed. But, riding across the Central 
area, one recognizes once that red shale forms insignificant 
portion the mass, though the imperfect exposures suggest that the 
deposits must lenticular like those the earlier formations. 

Red shales are found other coal basins and later formations. 
found them abundant all divisions the Coal Measures 
from the Millstone grit the top and with the same features 
the Pennsylvanian the Appalachian basin; gray and red shales 
alternate vertically and times are continuous laterally. Conditions 
are the same later times; lenticular deposits red clays occur 
the glacial till Canada and Scotland. The great Pampean for- 
mation originally described would seem con- 
tinuous deposit reds covering area almost equal that 
France but varies composition reds elsewhere, for records 
borings near Buenos Ayres show that the section consists sand, 
clay and green shale. Church, whose studies reference will 
made later page, found that vast area the Plata region 
covered with reddish-yellow, semiplastic argillaceous earth, contain- 

Darwin, Journal Researches,” New York, 1846, Vol. I., pp. 161, 


164, 165; the Pampean Formation near Buenos Ayres,” 
Quart. Journ. Geol. Soc., Vol. 1863, pp. 68-70. 
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ing times, calcareous nodules. The deposit without pebbles and 
becomes increasingly sandy toward the west. The Pampean forma- 
tion resembles the Pittsburgh reds. has observed that 
the Loire basin, red beds are not uncommon the sterile stage 
Saint-Chamond. The deposits are found all horizons this for- 
mation which from 650 2,600 feet thick and the middle divi- 
sion the Loire Coal Measures. the Lancashire field England 
the reds appear confined the upper Coal Measures. 

Dawson found abundance ripple marks, rain and footprints 
the Acadian red shales but record such markings the Penn- 
sylvanian reds has come the writer’s notice. Fossil remains, 
vegetable animal, are rare, but discovered reptilian 
bones small basin eroded the sandstone which the Pitts- 
burgh red shales rest. Not infrequently the red muds contain nodules 
ferruginous limestone which are marine fossils; these abound 
the Pittsburgh reds and cause much annoyance drillers oil 
wells. one locality West Virginia the east side, the Pitts- 
burgh reds are replaced with succession variegated shales which 
are exceedingly rich marine forms, several which pass upward 
into the Ames limestone; and the shales are similar miles 
southwest. The Pittsburgh reds, least part, were deposited 
where salt water had access. There much suggest similar 
origin for some other reds. Those below the Cambridge pass upward 
that limestone the Pittsburgh reds pass the Ames. con- 
siderable areas they replace the limestones and the two deposits are 
continuous with each other even with the Washington reds above. 
The limestones are wedges the shale the Maxville becomes 
wedge the Mauch Chunk shales within southern Pennsylvania. 
The Washington reds are equivalent position the Birmingham 
shales Pittsburgh, which Raymond, the publication cited above, 
has shown certain that marine conditions are 
wise antagonistic deposition red shale. the same time, one 
must not forget that the conditions must have been very different 

Gruner, Bassin houiller Paris, 1882, 217. 

Raymond, Preliminary List the Fauna the Allegheny 


and Conemaugh Series Western Pennsylvania,” Topog. and Geol. Surv. 
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for isolated deposits, which are numerous and often thick. These, 
many cases, were far away from any marine invasion, regions 
coal beds and freshwater limestones. Within the Central area, 
there almost total absence limestone, the coal beds are indefinite 
and most those which are recognized the borders are wholly 
wanting. 


The origin the red color shales and sandstones has been 
sought many students. has shown that the northern 
United States and Canada the soils are rarely red except when de- 
rived from red rock; but southward from latitude 39° redness 
increases until, the West Indies and South America, becomes 
intense. The color not due the rocks, for the red deposit 
the south rests primary rocks not differing from those the 
north where red found. thought that the contrast due, 
very probably, climate, the dehydration ferric hydrate and con- 
sequent change color being caused solar heat. later paper, 
says that six years additional study had led him assign 
less importance solar heat the converting agent, but still 
recognizes one the important agents. Many illustrations 
are given, which certainly appear far toward fortifying his 
position. 

took the subject somewhat later date and reached 
conclusions differing from those Crosby. The depth which 
decay rocks extends the Appalachian region increases south- 
wardly, becoming 100 feet large areas, and cites Belt report- 
ing that, Nicaragua, the depth times 200 feet. the great 
limestone valley, south from James River Virginia, the clay re- 
maining after solution the limestone red and sometimes feet 
thick. objects the conclusion that climate solar heat caused 
the red color, because summer the soil heated strongly 
the northern the southern states. The red beds the Rocky 

“W. Crosby, “Colors Soils,” Proc. Bost. Soc. Nat. Hist., Vol. 
XXIII., 1885, pp. the Contrast Color Soils High and 


Low Latitudes,” Amer. Geol., Vol. VIII., 1801, pp. 78-82. 
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Mountains could not have become red exposure during deposition, 
for the playa beds Nevada and similar regions are creamy white, 
though the summer temperature reaches 110° 120° the shade. 
The red color was acquired during decomposition the rock and 
consequent incrustation the grains. Richtofen has explained the 
red the Rothliegende supposing that during the Carboniferous 
there was deep decay the rock and that this material became that 
the Rothliegende. Russell applies the same explanation the 
great red deposits America, which regards formed debris 
from rocks long exposed warm moist atmosphere. 

studies are place here. had been ascertained 
that the light-colored sediments Lower Permian Kansas become 
red Oklahoma and the same condition was observed going north- 
ward into that state from Texas; one instance limestone was 
traced into sandstone. Beede, following the Kansas deposits into 
Oklahoma, found that limestones became sandy patches, which 
increased until the limestone disappeared. Farther south the sand- 
stone becomes deep red brown with patches white. The lime- 
stone fauna reaches southward only little way beyond the limit 
that rock. Shales become red much farther north than the 
sandstones and often have deeper even the limestone, times, 
becomes reddened before disappearance. The sandstones vary much 
thickness expense the shales, but the thickening irregular, 
the rock cross-bedded and often shows ripple marks. their 
southern limit, the shales and sandstones dovetail into Permian con- 
glomerate the Arbuckle and Wichita mountains, which formed 
largely the limestone, one time covering those mountains and 
even now 8,000 10,000 feet thick their flanks. These lime- 
stones yield residual red clay, while the disintegrating conglomerate 
yields red sandy clay resembling that the red beds. would 
appear that the lower red beds Oklahoma were derived from the 
Arbuckle-Wichita land mass and that the coloring matter due 
chiefly solution limestones known have been removed from 
the area. that the deposits, which are void fossils 


Beede, the Sediments and Coloring Matter the 
Red Beds Oklahoma,” Science, Vol. XXXV., 1912, pp. 348-350. 
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and even carbonaceous matter, were made very shallow turbu- 
lent water vast tidal beaches. 

discussing the importance red beds, refers 
activities changing climatic conditions perhaps notable agent 
bringing about the contrast between the productive and the barren 
measures. the productive measures, one finds constantly dark 
gray black predominating colors, due impregnation the 
whole mass with coaly substance, while the succeeding barren meas- 
ures are recognizable the red color. The Rothliegende, succeed- 
ing the Carboniferous, owes the first half its name this 
condition. But the change color begins before the close the 
Carboniferous, for the red appears soon conditions for coal- 
making end—with the entrance red, the formation coal beds 
ceases. the Saarbruck region, reds occur the Upper Carbon- 
iferous over the productive division. That luxurious vegetation 
existed during deposition this unproductive red shale proved 
the presence great masses vegetation the Rothliegende, 
such the petrified forest Radowenz Bohemia. Evidently not 
failure vegetation but changing climatic conditions, which were 
unfavorable the accumulation plant remains, brought about the 
new features. The formation red rocks and weathered products 
present peculiarity the torrid zone, where one finds laterite, 
terra rossa, which humus unimportant. Dannenberg 
inclined think that the Carboniferous, there were moderate, 
perhaps ocean climates contrasting with the succeeding hot climate 
the continental Rothliegende. 

who regards the Mauch Chunk (Upper Mississippian) 
red shales as, for far the most part, flood-plain origin, has 
published two important memoirs bearing upon the origin the red 
color. the earlier memoir shows that the Mauch Chunk con- 
tains some impressions plants but trace the carbon remains. 
The loss carbon has not decolorized the shale, that evidently 


Dannenberg, “Geologie der Berlin, pp. 
30, 

Barrell, “Origin and Significance the Mauch Chunk Shale,” 
Bull. Geol. Soc. Amer., Vol. 18, 1907, pp. 449-476; between 
Climate and Terrestrial Deposits,” Journ. Geol., Vol. 1908, pp. 
190, 255-205, 363-384. 
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the oxidation was free oxygen and not that derived from ferric 
oxide. The discussion the later paper covers the whole question 
and the author fortifies his position with the wealth illustration 
that seems leave little room for disputing his conclusions; but 
the discussion elaborate that only the final statement can 
given here and the reader must referred the memoir itself for 
the detailed argument. The red color ferruginous rocks con- 
trasted with the predominating yellows alluvium due three 
causes: Spontaneous dehydration, operating some 
extent the surface warmer regions; dehydration under great 
pressure and moderate temperature, nearly universal sediments 
which become buried and consolidated; diffusion, operating under 
conditions warmth and moisture, whether these the surface 
warm and humid regions beneath the surface may occur 
any portion the earth. these three means, the light-colored 
yellow brown muds and sands may become red shales and sand- 
stones. The chief condition for formation red shales and sand- 
stones merely the alternations seasons warmth and dryness 
with seasons floods. 

Gruner and Dannenberg lay stress upon the fact that reds 
occur the sterile measures. Certainly the reds seem have 
been deposited under conditions which were unfavorable the 
accumulation coal, for that almost wanting the central 
area West Virginia; great coal beds, traceable for hundreds 
even thousands square miles, thin out disappearance they 
approach that area. the same time one must not forget that the 
reds mark local, not general conditions; that they abound the 
productive well the less productive portions the column. 
Within the Central area they are important the upper Alle- 
gheny and the Monongahela the Conemaugh and Wash- 
ington. Even the limited Loire basin the same true, for the 
reds there are practically confined that portion the Saint- 
Chamond area, which micaceous. Whether not similar rela- 
tion exists the Saarbruck area, the writer has not been able 
ascertain. 

The distribution Pennsylvanian red shales forbids the sup- 
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position that they owe their red color any widely-acting cause. 
The especial localization the deposits the central part the 
area, the lateral passage into fine shales and sandstones wholly 
different color and the many isolated occurrences small deposits 
seem exclude explanations based supposed aridity any other 
general condition climate. The shale, times, contains small 
areas coal distinct beds, and occasionally one finds coal the 
horizon beds which are persistent around the borders. Where 
the mass interrupted other deposits, which continue within 
the limits the reds, coal bed also times continues from the 
border, though the east only few miles away wanting 
the red continuous vertically. certain that occasionally the 
conditions, favoring accumulation coal, existed for considerable 
periods within the Central area reds. matter which 
hypothesis respecting the formation coal beds accepted, the 
condition general aridity becomes inadmissible, because the exist- 
ence coal beds, great small, proof humid atmosphere 
and dense vegetation not far away. One finds great mass 
reds the Pittsburgh coal horizon less than score miles 
from localities where that bed workable thickness; and the 
same statement true respecting the Harlem and Anderson coal 
beds. There every reason suppose that general way the 
climate, respect rainfall, was very much now; the direction 
the winds was the same and there reason suppose that, 
any time during the Pennsylvanian, mountain chain existed 
the west side the Appalachian basin. Yet alternation wet 
and dry conditions, suggested Barrell, may have been prevalent, 
though due only indirectly atmospheric influence. 

Topographic changes would seem the preferable explana- 
tion for conditions the Central area. The subsidence, convert- 
ing that area into vast tidal flats, continued until, just prior the 
Ames limestone, the region subject river and tidal overflow may 
have embraced more than 20,000 square miles. must remem- 
bered that the vertical space occupied the great reds the 
Conemaugh one finds the Cambridge and Ames limestones, both 
marine. The rivers during long periods little change had ac- 
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quired low gradients and they carried little coarse material, which 
was dropped the border the low area, while the streams, 
flowing sluggishly across the flats distributed the abundant fine 
materials and, they shifted their courses, sorted the stuff, giving 
the lenses clay and sand. The source the red material 
sought the west, for the reds are present mostly the 
west side the bituminous region—even the great Pittsburgh reds 
extend only way east from the middle line that region. 
During contraction the area deposition, the Mississippian 
beds became exposed erosion while the calcareous deposits 
the low-lying Cincinnatia had been converted solution their 
exposed portions into red clays such one sees much the 
Great Valley within Virginia and Pennsylvania. During deposition 
the Pittsburgh reds, residual soils the northern land must 
have been additional source supply. seems wholly pref- 
erable regard the Pennsylvania reds derived from reworking 
deposits already red. the same time, one cannot suppose 
that the local and widely separated patches the Monongahela, 
Washington and Greene were derived from distant source. Prob- 
ably they mark the sites ponds into which the sluggish streams 
carried muds due decay limestones and mingled with those 
from the fine shale the red region. 


Surface Markings are recorded observa- 
tions surface markings Pennsylvanian red shales within the 
Appalachian basin, though such markings are sufficiently abundant 
the Acadian region. But sun cracks and ripple marks are 
common enough shale beds other types. Footprints were 
found slabs slate from the roof the Mammoth 
coal bed. The surfaces show occasional ripple marks along with 
the tracks four-footed animal arranged regular sequence. 
This appears the only case recorded within the Appalachian. 
There little reason expect such discovery the bituminous 

Mason, “On the Batrachian Foot-tracks from the Ellan- 
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region, where one has only natural exposures for study and the 
shales are easily disintegrated that only the basset exposed. 
Woodworth” studying the more less indurated shales the 
Massachusetts region was led discovery rain prints look 
for batrachian footprints. The search was rewarded almost 
once discovery impressions belonging two individuals. 
Study the prints convinced him that they were made under 
slight cover water. Many scratches were found the shale 
surface, resembling those made the sharp toes newts 
very shallow water. 


situ forests occur frequently shale beds. re- 
ported that erect trees were found the roof the Buck Moun- 
tain coal bed Haven River colliery. says that tree-stumps 
with Stigmaria roots are common occurrence the roofs 
several anthracite beds. That the Baltimore Wilkesbarre 
yielded one, inches diameter few feet above the roots. 
Comparatively few instances trees situ have been recorded 


the coal fields the United States and most the notes, which 
the writer has found, seem have been made incidentally and 
are without detail, are most those with reference similar 
occurrences Long ago described forest 
discovered miles from New Harmony, Indiana. More than 
fossil stumps had been found excavating the site for mill and 
dam. disinterred three with main roots, which ramified 
the surrounding material. these trees, trunks and roots were 
normal position, believed that they had grown there and had 

Woodworth, Vertebrate Footprints Carboniferous Shales 


Plainville, Massachusetts,” Bull. Geol. Soc. Amer., Vol. 11, 1900, pp. 
449-454. 

Gresley, “Seven fossil Tree Trunks, probably situ, found 
Roof 12-feet seam Anthracite Schuylkill Co., Penn.,” Trans. 
Manch. Geol. Soc., Vol. 1890, 70. 

ample reason expect that when White publishes the 
results his investigations, all grounds for this complaint will disappear. 

Owen, “On Fossil Palm Trees,” Amer. Journ. Vol. XLV., 
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become submerged quietly. visited this locality later 
date when quarry had been opened the overlying sandstone. 
saw the trees clay shale underlying sandstone and feet 
above coal bed. He, with Owen, dug the clay from about one 
the trees, which was feet inches high and with roots spreading 
out the normal position. This and two other Sigillaria, close 
by, were casts, the bark converted into coal but the interior filled 
with mud. The roots were interlaced. great number such 
trees had been removed working the quarry. notes 
that vertical stump resting coal bed was seen him near 
Peoria, Illinois, but gives details aside from the statement 
that the stump filled with sandy clay. 

There is, however, lack information respecting other lands. 
Dawson and Brown have recorded many instances the Acadian 
region one case there are Sigillaria stumps with Stigmaria root- 
lets descending among them from overlying bed. Occasionally 
embryo coal bed existed the old soil but some cases there 
trace coal. The absence vegetable matter around the 
base the stems sense evidence that they are not place, 
for Tuomey, cited earlier page, has shown that peat beds 
raised above the level water-supply, waste away drying, the 
removal being aided the winds, which carry off the dust-like 
material. The trees remain, rooted the underlying soil. Many 
other students peat deposits have made the same observation 
later years. Gruner says that the lower forest Treuil has the 
roots spread out the roof the coal and that present except 
where the roof has been washed away and replaced with sandstone. 
described the trees found Dixon Fold near Man- 
chester. Five them, nearly right angles the stratification, 
were embedded soft blue clay, and thin coal bed same 


Lyell, Second Visit the United States North America,” 
ed., 1850, Vol. pp. 272, 273. 

Udden, and Mineral Resources the Peoria Quad- 
rangle,” Geol. Surv., Bull. No. 506, 1912, 37. 

Hawkshaw, Descriptions the Fossil Trees found the Exca- 
vations for the Manchester and Bolton Railway,” Trans. Geol. Soc., Vol. 
VI., 1842, pp. 173-175. 
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plane the roots continues far the excavation extends. Lepi- 
dostrobus variabilis occurs abundantly about the level the roots, 
more than bushel specimens having been obtained around the 
trees. coating coal, one fourth three fourths inch thick, 
surrounded the trees, tender that flaked off and left the stems 
decorticated; but some harder coal near the roots one tree 
showed the bark fluted longitudinally. The largest tree was 
feet high, feet circumference the base and feet and 
half the top. The next size was feet high, seven and half 
feet circumference and less tapering; the others were shorter. 
The roots could followed only short distance owing the 
character the excavation. They are covered with thin stratum 
coal, inches thick, which Hawkshaw thinks probably 
represents the vegetable covering the place which the trees 
stood. 

says that when erect trees were first found, attempt 
was made refer them accidents snags; but discoveries 
Hawkshaw and Bowman, near Manchester, aided toward recogni- 
tion their growth situ. During recent examination ex- 
cavations for the Bury and Liverpool railway near Wigan, had 
discovered not merely forest erect Sigillaria, with roots just 
they had grown, but also many similar state preser- 
vation. The excavation about feet deep and light gray, 
silty clay very like that St. Helens and Dukenfield, where the 
earlier discoveries were made, and the deposit between two coal 
beds. distance yards, found upright trees and 
some prostrate stems They were feet 
diameter, feet high and filled with silty clay, the bark having 
been converted into brilliant coal, one fourth inch thick. 
Many Calamites were seen among the trees, feet high, one 
inches diameter, with thin coaly crust and filled with the 
silty clay. Each type occurred all parts the deposit from 
top the lower seam bottom the upper. During second 

Binney. “On Fossil Calamites found standing erect 
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visit with Hooker, discovered Calamites with rootlets from 
joints along the stem. These describes detail. 

relates that large well preserved stumps had been 
found Wadsley, rooted clay-like shale; all them 
with Stigmaria roots. The tops are flat though sawed off. The 
largest stump feet inches diameter and huge trunk 
prostrate alongside. all, stems were seen space 
yards and all are cut off the overlying sandstone, with 
which they are filled. Sorby was much interested the discovery 
that the roots are arranged are those trees Great Britain 
to-day—they are almost horizontal the west side but pressed 
down the east, showing that the prevailing winds were the 
same now. described tree rooted inferior fireclay 
with the roots arranged confirm Sorby’s conclusions re- 
specting the direction the winds. Dawkins, comment- 
ing upon the paper, stated that had made examination the 
tree and that his conclusion was the same with that Sorby and 
Platt. 

described gigantic Sigillaria with forked Stig- 
roots attached. The area embraced the ramification the 
roots 826 square feet; difficult conceive removing this 
stem vertical and the roots outspread normal position; and the 
difficulty increased the presence other trees near by. This 
tree was figured 1887 Williamson* who says that larger 
example was found near that described Adamson, and that one 
the root divisions was traced feet inches sharp tip. 

Sorby, “On the Remains Fossil Forest the Coal Meas- 
ures Wadsley, near Quart. Journ. Geol. Soc., Vol. 
1875, pp. 458-460. 

Platt, Notes large Fossil Tree recently found Shales 
the Coal Measures Sparth Bottoms, Rochdale,” Trans. Manch. Geol. Soc., 

Adamson, Rep. Brit. Assoc. Adv. Sci. for 1886, 628. 

Williamson, Monograph the Morphology and Histology 


Stigmaria Soc., vol. for 1886, pp. 45, 46, 48, 51, 
Pl. XV. 
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states that smaller but similar examples were found 
excavations for street Bradford. 

Grand’Eury and Goeppert have described many occurrences 
situ trees; and the former, his memoir before the Geological 
Congress Paris, gave figures and descriptions Calamites with 
roots from the joints similar those found Sorby. Barrois*? 
has reviewed the conditions keenly analytical memoir, referring 
especially conditions the Nord basin. discussion will 
find place another connection; suffices here note that 
has found erect trees only deposits which have been laid down 
shallow water; are wholly absent from deposits laid down 
water deep enough float the trees. 

Not few writers insist that occurrences this sort can 
explained readily supposing them due landslides 
deluge-like floods. might suffice say with Goeppert that the 
explanation might answer the instances were few, but that does 
not answer because the number erect trees great. But the 
proposed explanation wholly unacceptable because the conditions 
observed not suggest either landslides terrific floods. 

The White Mountains New Hampshire have long been cele- 
brated for the extent landslides. One typical 
described that which took place the southern part those moun- 
tains after prolonged heavy rain October, 1869. The light- 
colored streak marking its path was visible distance miles. 
The whole mountain had been covered with dense growth 
spruce. The slide began rods below the summit, 4,200 feet 
above tide. was barely one rod wide the top and increased 
little the first rods, where the slope between and 
but, the next 100 rods, the width increased rapidly 
and rods 130 rods from the beginning; thence decreased 
166 rods. The whole length nearly 240 rods and the 
outline fusiform. Three miles below the termination the 

Barrois, répartition des arbres debout dans terrain houiller 
Lens Lievan,” Ann. Soc. Geol. Nord., Vol. XL., pp. 


Perkins, Notice Recent Landslide Mount Passacono- 
way,” Amer. Journ. Sci., Vol. XLIX., 1870, pp. 158-161. 
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slide, level clearing through which Mad River flows, was covered 
with great heaps logs brought down the slide and swept away 
the freshet attending it. They were broken and shattered, 
though some were feet long. They were piled confusedly 
height feet, stripped foliage and most the 
smaller branches. Farther the stream, trees were visible; 
they had been buried the coarse debris the slide. 

The terrific discharge Lake Mauvoisin has been cited evi- 
dence that blocks the surface could transported with standing 
trees and deposited the normal position. Knowledge re- 
specting this great debacle derived from the description Escher 
von Linth, which synopsis was published The 
Val Bagnes drained the river Dranse, whose progress had 
been impeded for several years prior 1818 blocks ice and 
snow avalanches from the glacier Getroz. length the river 
was dammed and lake was formed, which became 10,000 12,000 
feet long, 700 feet wide top, 100 feet wide bottom, with 
average depth 200 feet. content equalled least 800,000,- 
cubic feet. gallery, 600 feet long; was cut drain the lake, 
but this enlarged quickly the ice, that before one half the 
water had passed off, the dam gave way and the mass ice, water 
and débris was precipitated into the valley below. The whole lake 
was emptied less than half hour and the author well says that 
one cannot describe the violence the flood. The passage the 
water was checked narrow gorge, where tore away bridge, 
feet above the preéxisting stream; beyond that, entered 
wider part the valley, only banked another gorge beyond. 
Thus passing from one basin another, acquired new violence 
and carried along forests, rocks, houses, barns and the cultivated 
surface. The flood seemed contain more débris than water and 
moved the rate feet per second. The acquisition these 
materials made the current more effective and, when entered the 
narrow valley leading from Saint Branchier Martigny, con- 

Account the Formation Lake Mauvoisin the Descent 


Glacier and the Inundations the Val Bagnes 1595 and 1818,” 
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tinued its work destruction until weakened spreading over the 
great plain the Rhone valley. After ravaging Bourg and the 
village Martigny, fell with comparative tranquillity into the 
Rhone, “leaving behind the plain Martigny the wreck 
houses and furniture, thousands trees torn the roots and 
the bodies men and animals, which had swept away.” 

Neither landslide nor vast flood can invoked for explanation 
phenomena such those described Adamson, Potonié and 
Binney. incredible that the work such destructive agents 
would leave record except group trees resting normally with 
the roots one interlaced with the roots the others. There 
trace disturbance any locality mentioned the observers 
named any others; yet the discoveries Binney, Hawkshaw, 
Bowman and Platt are the same small area, each covers con- 
siderable space and everywhere there evidence wholly undis- 
turbed deposition. The evidence that the trees are situ 
strong for gravel buried forest Alaska for 
the sea-covered forests the shores the Baltic and Britain. 


The trees situ, the ripple marks, rain and footprints, the evi- 
dence selective action streams, all show that shales were 
deposited in, most, shallow water and that great areas the 
Appalachian basin, like other regions which shales occur, were 
above the area deposition for prolonged periods. 


The Limestones and the Marine limestones, 
with marine fauna, have been discovered the Warrior coal field 
Alabama, all, except possibly the highest, the New River; 
Safford discovered “local bed” hard crinoidal limestone his 
Upper Conglomerate within Grundy county Tennessee, also New 
River; Campbell found marine fauna southern West 
Virginia within the New River and obtained Spirorbis 
and Naiadites the southern anthracite field. The last possibly 
brackish water; the others, distinctly marine, show that during 
the New River salt water occasionally had access, least locally, 


White, Deposition the Appalachian Pottsville,” Bull. Geol. Soc. 
Amer., Vol. 15, 277. 
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far north New River West Virginia the eastern side 
the bituminous region. 

Evidence marine conditions here and there the northern 
half the basin becomes distinct early the Beaver. the 
southeast outcrop along New River, West Virginia, one finds 
silicious limestone, non-fossiliferous, which traces appear 
localities farther west almost the Kentucky line. Somewhat 
higher the Eagle limestone White, black, blocky and, 
are also the associated shales, richly fossiliferous. These deposits 
seem unrepresented farther north and confined narrow 
area West Virginia. trace limestone any marine 
deposit within the Beaver known east from the Allegheny moun- 
tains; none has been observed within the first three bituminous 
basins Maryland, Pennsylvania West Virginia, unless the 
Black Flint the last state belong the Beaver and not the 
Allegheny,—and confined small area near the Kanawha 
nor there any along the northern outcrop Pennsylvania 
and Ohio. northern Mercer county Pennsylvania, miles 
south from Lake Erie, one the northern limit the Upper 
and Lower Mercer limestones White, which are the 
shale mass underlying the Homewood sandstone and are associated 
frequently with iron ore. 

These deposits are persistent southward along the Ohio-Penn- 
sylvania boundary for about miles but they rarely extend east- 
ward from that line more than miles. The limits their 
area are well marked, north, east and south, within Pennsylvania 
and trace found beyond. The upper limestone irregular 
occurrence Ohio but the lower bed persistent with, several 
counties, its boundaries east and west thoroughly well defined. 
crosses Mahoning, Portage and Summit, but wanting 
Medina the west. wanting the panhandle counties 
West Virginia and eastern Ohio about miles west from the 
Ohio River. The Lower Mercer present southward from Port- 
age and Summit irregular strip, miles wide, Vinton 
county and enters the northwest corner Scioto about 
miles north from the Ohio River. The western boundary reached 
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several localities the northern part the state, but, for the 
most part, the present outcrop east from the limestone area 
seems follow irregularly the direction the pre-Beaver valley 
which the Sharon sandstone, latest deposit the New River, 
was laid down. For this reason the limestone found nowhere 
Kentucky. The thickness the north rarely exceeds feet, but 
increases southwardly feet. The Upper Mercer less 
persistent than the Lower, but its unexpected appearance some 
localities suggests that its area lay farther west. Both limestones 
are richly fossiliferous, each being times mass shells. They 
indicate ingress the sea narrow area, probably nowhere 
exceeding miles width and reaching northward within 
miles Lake Erie along the Pennsylvania-Ohio 

The sea again invaded the basin soon after the beginning 
the Allegheny, for the Putnam Hill limestone Andrews rests 
the first coal bed that formation. did not reach into Penn- 
sylvania but followed easily Ohio from Mahoning county 
near the Pennsylvania line Perry county, where its character 
changes that the bed longer available stratigraphic guide. 
much its extent, this limestone associated with flint and iron 
ore and shows great variation thickness well composi- 
tion. Beyond Perry county, its area deposit lay west from the 
outcrop and only the iron ore remains mark its horizon. 
carries abundant marine fauna most localities. not far 
from the Putnam Hill horizon one finds the Kanawha Black Flint 
which occupies small area both sides the Kanawha River 
West Virginia toward the southeastern outcrop. The probabilities 
are, according the plant remains, that belongs lower the 
column. This black calcareous rock embedded black shale and 
the mass rich marine forms. The area more than 100 miles 
east from the eastern limit the Putnam Hill and Mercer lime- 
stones, that, like the Eagle limestone, evidence that the sea 
had ingress the eastern side the bituminous region. 


Stevenson, Orton and Wright are recorded Carboniferous the 
Appalachian Basin,” Bull. Geol. Soc. Amer., Vol. 15, pp. 66-70, 80-86, 
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Not long after deposition the Putnam Hill, but long enough 
for deposition feet inorganic materials, the formation 
two coal beds and the erosion broad valleys, another sea inva- 
sion recorded the Vanport limestone White. This 
underlies most its extent ore deposit, which the earlier 
days was important that the rock below was termed the Fer- 
limestone. Like its predecessors, confined the west 
side the basin. fossiliferous limestone present the Lower 
Allegheny some places western Maryland, but one cannot 
determine whether not contemporaneous with the Vanport, 
fossiliferous limestone has been found the horizon within 
miles toward the west northwest. The Vanport appears 
wanting the whole West Virginia well 
south from the line the Ohio River. The deposit recognized 
first about miles north from the West Virginia line and 
equal distance west from the crest the Allegheny Mountains. 

The most easterly locality Pennsylvania, from which this 
limestone has been reported, Indiana county miles east 
from the Ohio line—apparently the tip prong; appears 
many places the next county north, but its distribution indicates 
that the area broken into prongs; and this the mode occur- 
rence along the northern border where its limits are very well de- 
fined. From western Jefferson, the area continuous the Ohio 
line where the bed feet thick. The deposit less regular 
Ohio, being represented many places fossiliferous shale, 
calcareous sandstone and occasionally limestone. These condi- 
tions prevail Mahoning, Columbiana, Stark and western Tus- 
carawas, the limestone being frequent occurrence the last. 
Thence southward into Elliott county, Kentucky, the limestone with 
its ore seems continuous; beyond that the ore bed traceable 
for many miles. The western boundary the deposit reached 
few localities northern Ohio but, for the most part, 
beyond the present outcrop. While the extent the Vanport 
Ohio may have been less than that the Mercer, its extent 
Pennsylvania was far greater. The sea-invasion reached miles 
farther east into Indiana county and miles farther north into 
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McKean county the New York border. The area Penn- 
sylvania was not less than 3,000 square miles, while that the 
Mercer was little more than 500. the same time, one must 
keep mind that the Vanport was not continuous throughout its 
area; that the borders extends long diverging prongs, 
terminating chert calcareous sandstone. The Vanport was 
formed the close somewhat rapid submergence, during which 
many stream valleys were filled with sandstone. Apparently the 
peculiar mode occurrence, the variations structure and com- 
position along the borders were due the topography; while the 
conditions northern Ohio suggest that that region the water 
the estuary was very shallow. Pennsylvania and great 
part the Ohio area, this limestone has rich marine 

The roof shale the Middle Kittanning coal bed, midway 
the Allegheny, contains Lingula and Discina far north Wayne 
and Stark counties Ohio. Aside from this, there appears have 
been serious invasion during the Allegheny after the Vanport. 
There are, true, several limestones, but there reason 
suppose that, excepting the newest them, they are any part 
marine origin. The Upper Freeport, almost the last Allegheny bed, 
the First Fossiliferous limestone Kentucky, where has 
marine fauna, but, north from the Ohio River, resembles the 
others that the only fossils are minute forms, allied those 
usually regarded freshwater types. 

The Uffington shale White, the roof the Upper Free- 
port coal bed, often yields abundance plant remains, but some 
widely separated localities the eastern side, Monongalia and 
Upshur counties West Virginia, well Wirt county the 
same state, far within the Central area, has marine fauna ac- 
companied fragmentary remains plants. Whether not the 
fauna exists elsewhere the Central area unknown, the 
horizon below the surface and the well records are service. 
The distribution this deposit without explanation the present 


Orton, Hodge and Andrews are recorded etc., 
above, Vol. 17, pp. 113, 116-121, 128. 
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state knowledge. Where plant-bearing, this shale resembles the 
ordinary roof shale, but where carrying remains animals 
black, somewhat sandy and occasionally somewhat fetid. recalls 
conditions described Agassiz existing the Pacific ocean 
between Mexico and the Galapagos islands. 

The Uffington shale was followed the often coarse and 
massive Mahoning sandstone, containing one more coal beds 
considerable extent, and that turn was succeeded coal bed 
underlying the Brush Creek limestone White, the Black 
Fossiliferous limestone the early Pennsylvania reports. This 
dark, almost black rock, enclosed black shales, the first lime- 
stone which crossed the bituminous region and reached the line 
the Allegheny Mountains—it recognized without doubt western 
Maryland. The deposit wanting along practically the whole 
eastern outcrop West Virginia and most probably throughout the 
interior that state, for has not been found under the great 
anticline Wirt county and black shale, this horizon, not re- 
corded the drillers oil wells. persistent western 
Pennsylvania, which enters from Preston county Virginia and 
Garrett Maryland. The area, narrow first, widens 
miles farther north and retains that width the Ohio line. 
Thence present for miles southwestward into Jeffer- 
son county Ohio, beyond which seems wanting for about 
miles. But reappears and followed easily into Muskingum 
county, beyond which trace exists, the horizon being exposed 
very many places. The gap beyond Jefferson county evidently 
due erosion, but there reason suppose that the limestone 
ever existed south from Muskingum county. The limestone and 
shales are crowded with marine fauna and the conditions indicate 
that was deposited estuary opening the 

The Cambridge limestone Andrews little distance 
higher the Conemaugh column. marine limestone, very near 
this horizon, western Maryland, but that locality more than 
miles east from the nearest outcrop the Cambridge; its rela- 


“For the observations Martin, White, Newberry, Stevenson, 
and Orton, see Carboniferous,” etc., above, pp. 
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tions are with the eastern side. The most easterly point Penn- 
sylvania, which the Cambridge can recognized with certainty, 
almost miles east from the Ohio line and about miles north 
from that West Virginia. Thence persistent into Ohio. 
The direction the area almost westward Pennsylvania but 
Ohio becomes west south, and the bed easily followed across 
that state and Kentucky the last exposure its horizon. 
southern Ohio and Kentucky extends eastward beyond any 
predecessor and the south reaches into West Virginia; but 
absent under the Wirt anticline both Ohio and West Virginia. 
Pennsylvania, its area far less than that the Vanport and 
the thickness rarely attains feet. The distribution the deposit 
indicates return the earlier condition, this confined the 
west side. The abundant fauna 

Midway the Conemaugh the remarkable deposit, the Ames 
limestone Andrews, the Green Fossiliferous limestone 
the early Pennsylvania reports. overlies the Pittsburgh reds, 
from which separated extensive areas the Harlem coal bed 
and the associated shales. has not been discovered anywhere 
east from the Allegheny Mountains unless one accept its equiva- 
lent the Mill Creek limestone the Northern Anthracite field, 
which certainly the Conemaugh, possibly not far from the 
Ames horizon. The Ames thin, seldom more than feet, and 
more less argillaceous, especially the eastern side. The color 
bluish green, thoroughly characteristic most the area, 
that the bed most important stratigraphic guide. Along the 
eastern border has been recognized positively miles south 
from the Pennsylvania line; present western Maryland and 
southwestern Pennsylvania, wherever its horizon exposed; 
equally persistent Ohio and Kentucky, being the Fourth Fossil- 
iferous limestone the latter state. extends the west side 
the middle line the basin, being exposed under the Wirt anti- 
cline both Ohio and West Virginia. was deposited area 

For observations Martin, White, Platt, Stevenson, 


Orton, Andrews, Lovejoy and Bownocker, see “Carboniferous,” etc., 
above, pp. 168, 175-180, 183-194, 
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not less than 16,000 miles, possibly much more, since informa- 
tion can derived from the ordinary well records. This widely 
extended deposit was certainly not continuous with the Mill Creek 
limestone the Northern field; the nearest outcrops the two 
rocks are separated 150 miles, including part the bituminous 
region which the Ames never existed. The fauna marine 
throughout, even the extreme western border Meigs county 
Ohio where found the limestone impure, sandy, ferrugi- 
nous, conglomeratic with pebbles sandstone and with sun cracks 
its upper surface. This marine invasion, affecting the greater 
part the Conemaugh area, followed the deposition the fine 
muds known the Pittsburgh reds and was succeeded the 
Washington reds. Even where the reds are absent, the limestone 
usually between deposits fine grain. Marine conditions preceded 
and continued after it; shales equivalent the Pittsburgh reds 
carry marine fauna some localities and, Pennsylvania, 
marine forms persisted feet above the 

The only limestones the anthracite region are the northern 
field, where they were seen Ashburner. Three them are 
without fossils but the fourth, the Mill Creek 688 feet above the 
Baltimore coal bed and one foot thick, has marine fauna. 
black shale Dundee, the same field and 250 feet above the 
limestone, has the same assemblage fossils. peculiar feature 
this fauna that includes some forms unknown elsewhere 
the Appalachian basin, though abundant the coal area beyond 
Cincinnatia—which seems indicate communication some other 
way than that the southwest. 

Marine invasions practically ceased with the Ames episode: 
there are other beds limestone the upper part the Cone- 
maugh but they appear least non-marine. 

Five limestones have been recognized the Monongahela, but 
they are confined small space southwestern Pennsylvania and 

Condit, letter April 24, The locality Sec. 10, Salem 
township, Meigs county. 

Newberry, Hodge and Andrews are recorded “Carboniferous,” etc., 
above, pp. 208, 215. 
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immediately adjacent parts Ohio and West Virginia, all less 
than one fifth the present area the formation. The deposits 
are especially important Pennsylvania between the Monongahela 
and Ohio Rivers, perhaps 2,000 square miles, but they disappear 
rapidly all directions. The extreme development near Wheel- 
ing the Ohio, where one finds 154 feet limestone 190 feet 
measures; but nearly the same thickness shown near the 
Monongahela, where, however, the section longer, has sand- 
stones and shales which are wanting Wheeling. These deposits 
vary from almost pure limestone calcareous shale, and much 
the area they are layers one feet thick, separated much 
thinner layers shale. Their appearance char- 
acteristic that one familiar with them any locality could hardly 
mistake Monongahela limestones elsewhere for those any earlier 
formation. Animal remains are confined few types. Minute 
forms, resembling the ostracoids found the upper limestones 
the Conemaugh, are abundant many places. Teeth Helodus 
and spine Ctenacanthus marshii have been collected from mid- 
way the formation within Washington county Pennsylvania; 
the fourth limestone rich Naiadites near Uniontown, Penn- 
sylvania, and blue shale near Morgantown, West Virginia, con- 
tains abundance Solenomya. The fish remains are the same with 
those which abound the marine limestones but these 
marine forms are evidence sea invasions brief have 
significance, for they are unaccompanied marine molluscs. All 
the features indicate that the Monongahela limestones are, 
greatest part, freshwater origin. 

The Washington formation has six limestones, confined prac- 
tically Greene and Washington counties Pennsylvania, all, 
except one, disappearing quickly each direction. They resemble 
those the Monongahela, some being covered with similar forms, 
thought freshwater types. Larger fossils are very rare. 
White obtained from black shale the upper portion scales 
and other fishes, which are most probably freshwater 
their relations, the same genera occur cannel layer 
Ohio. The Greene formation has many limestones within 
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southwestern Pennsylvania, but apparently most them are mere 
lenses and few them can regarded definite members the 
section, though they are the striking feature the lower half 
the formation. The Nineveh limestone, however, persistent, hav- 
ing been recognized along line more than 100 miles, and 
feet thick its last outcrop West Virginia—strangely persistent 
area where every other bed the column changeable. 
Although the beds have small extent, the quantity limestone 
the Greene very great. Fossils are rare; minute forms, mostly 
ostracoids, occur many beds and occasionally one finds the 
shales form resembling Naiadites. Some the more argil- 
laceous limestones contain much finely comminuted vegetable 
matter. 

The composition and structure well the fossils many 
limestones above the Ames horizon have led the belief that they 
were deposited freshwater basins; and evidence like character 
not wanting some the Allegheny limestones. 

found that the Upper and Lower Freeport lime- 
stones are very often brecciated some the layers and con- 
cluded that they had been deposited muds inland lakes—con- 
clusion very like that Andrews presented 
coids are abundant the Upper Freeport. Farther south Penn- 
sylvania, the brecciated limestones appear toward the end the 
Conemaugh and the fossils are ostracoids along with forms resemb- 
ling The limestones the Monongahela, Washington 
and Greene are brecciated very many localities and some them 
rarely show normal structure. Ostracoids and Spirorbis-like forms 
are extremely abundant observations Ohio 
prove that conditions are the same that state. limestone 
Noble county, below the Ames, about feet thick, has irregular 
top owing erosion prior deposition the overlying sandstone. 
The upper surface mud-cracked and the cracks are filled with 

White, Sec. Geol. Surv. Penn., Rep. 1878, contains numerous 
illustrations; Rep. Q2, 220. 

Stevenson, Sec. Geol. Surv. Penn., Rep. many references. 


Hyde, Desiccation Conglomerates,” Amer. Sci., Vol. 
1908, pp. 400-408; letter January 12, 1912. 
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shale. Some layers are crowded with tubes resembling those 
annelids. The overlying sandstone contains limestone fragments 
the lower portion. conglomerate limestone Belmont county, 
and very near the top the Conemaugh, shows shrinkage the 
limestone fragments. The Monongahela limestones the same 
county vary from hard soft, often becoming calcareous shale. 
Shrinkage cracks are numerous times give brecciated 
structure. These limestones contain several species minute 
ostracoids which are very abundant, and some beds one species 
ostracoid well represented. These cover the bedding planes 
and are shown especially well sun-cracked 
glomerate layers are frequent, varying thickness from half 
inch inches, and the fragments are from pea-size several 
inches diameter. Hyde thinks the deposits are freshwater 
origin like the freshwater limestones some the western states 
and conceives that they represent the calcareous mud laid down 
probably shallow bodies water. During the summer, the water 
was evaporated and the ostracoids with the Spirorbes were left 
the muddy surface, which, exposed the heat, became sun-cracked. 
similar explanation was suggested who, describing 
some Tertiary marls, says that they must have been “left high and 
dry, exposed the effects powerful sun, well shown 
numerous cracks the clay marls, which are several inches wide 
and deep.” 

Brecciated limestones have been reported frequently from other 
lands and the explanations offered are not wholly concordant. 
found the Lancashire field succession red shales 
and clays with thin coals and two limestones, all somewhat less 
than feet thick. Slade lane saw 206 feet measures, 
mostly red, green variegated shales with all feet inches 
limestone. Some the limestones are brecciated locally and the 
passage from breccia the normal structure gradual. The frag- 

Haast, “Report Geology the Malvern Hills, Canterbury,” 
Rep. Geol. Surv. Z., 1872, pp. 63, 64. 


Roeder, Notes the Upper Coal Measures Slade Lane, Burn- 
age,” Trans. Manch. Geol. Soc., Vol. XXI., separate, pp. 7-22. 
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ments are from pinhead inches and the larger ones are angular, 
the edges times jagged; the smaller pieces are more rounded. 
weathering, the fragments give way first, which leads Roeder 
suppose that they must have suffered from subaerial exposure before 
entombment. regards the condition proof occasional 
elevation and exposure, when older limestones were broken and 
either transported left situ. Additional evidence favor 
this conclusion was found his discovery angular fragments 
the Spirorbis limestone sandstone Ardwich. cites Hull 
and Williamson show the wide occurrence brecciated lime- 
stone England. 

discussed the great breccia the upper part 
the Carboniferous within the Franco-Belgian basin. says that 
some geologists have supposed due dynamic action, but 
believes sedimentary, due destructive attack waves and 
the rapid accumulation the products. The elements vary much 
size and the paste, filling spaces between large and small blocks, 
itself partly limestone. The fragments, large and small, have 
their angles but slightly rounded. any event, they could not 
have come from far. 

took vigorous exception Dorlodot’s explanation, 
because nothing the sort known actual times. The supposed 
conditions exist many places along the coast Great Britain, but 
breccia forms. If, change conditions, the shallow Carbon- 
iferous sea should dried completely, the exposed limestone 
would desert surface. The contrast temperature would 
break the rock and give material for the breccia. When the sea 
returned and invaded the area, would sort the materials. The 
coarse blocks would moved little, the less coarse, farther in- 
sensible gradation one passes the compact limestone which, east 
from Namur, occupies the breccia horizon. 

difficult believe that the brecciation was caused ex- 

Dorlodot, “Sur grande bréche Viséene,” Bull. 
Soc. Belge Geol., Vol. XXII., Mem., pp. 29-38. 


ifere,” Bull. Soc. Belge Geol., Vol. XXIV., 1910, V., pp. 
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posure after the limestone had become the features 
most cases are those observed where moist material, still soft, 
exposed the air; the brecciation that cracking due loss 
moisture. explanation, more less modified later 
students, evidently the one most closely related the facts. 

Perhaps some reader may hesitate believe that limestones 
thick those western Pennsylvania can freshwater 
but they are not greater than some recent marl deposits within the 
United States. has discussed the whole subject showing the 
mode which the material accumulates and its relation peat 
deposits. Hale, the same volume, described many Michigan 
deposits, feet thick. Blatchley and have shown 
that conditions are the same Indiana Michigan. They are 
convinced that the supply calcareous matter was ample later 
Coal Measures times, for limestones must have cropped out 
extensive areas and the springs much the region must have 
been charged with dissolved limestone. But both the Appalachian 
limestones and the western marls are insignificant when compared 
with those the Tertiary lignite area The 
section Cavonetti shows top freshwater limestone, nearly 
meters thick. Some its beds are rich river shells and others 
are equally rich Lymnea and Planorbis, which are found also 
the shales and the lignite. similar limestone, meters 
thick, lower the section and the lowest member exposed 
the same type. 

The presence Spirorbis has been regarded some 
objection acceptance freshwater origin for the limestones, for 
beyond all doubt that form related marine types. occurs 
throughout the Coal Measures column, sometimes deposits which 
are certainly marine and other times deposits which are dis- 

Davis, Contribution the Natural History Marl,” Geol. 
Surv. Mich., Vol. Pt. 1903, pp. 65-06. 

Blatchley and Ashley, The Lakes Northern Indiana 
and their Associated Marl Deposits,” Twenty-fifth Ann. Rep. Geol. Surv. 
Ind., 


™(M) Serres, “Observations géologiques sur Département 
Soc. des Sci. Lille, 1835, pp. 453-455. 
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tinctly not marine. The best summary the conditions was given 
who was led the apparently contradictory modes 
occurrence make thorough investigation the whole subject. 
Some his conclusions will find place another connection but 
others are interest here. found Spirorbis attached 
living plants, plant débris, brackish and even essentially 
salt water animals. the larval condition, the type free but 
the adult, fixed. allied Vermetus and Spirorbis the 
present time, all marine. reconcile the existence such forms 
plants essentially terrestrial, one must admit that the original 
Carboniferous Spirorbis lived fixed marine shells; that the de- 
scendants became habituated brackish water, where they attached 
themselves Carbonicola; and last fresh water, where they 
became fixed ferns. very evident that the conditions noted 
Barrois exist the Appalachian basin, that the presence 
Spirorbis cannot regarded evidence for against any 
hypothesis respecting the character the water. 

quite possible that the occurrence Naiadites may evi- 
dence brackish water invasions. 

Reference has been made very dark carbonaceous bitumi- 
nous limestones, which the Brush Creek may taken type. 
They are not numerous. Their fauna marine, they are often 
fetid and, times, have some vegetable matter. The Brush Creek 
limestone, has been shown, occupies long narrow area, bordered 
shales and sandstones and, some localities both Pennsylvania 
and Ohio, suffered severely from erosion prior deposition 
the overlying rock. has discussed the origin 


sapropelic limestones and his conclusions seem require examina- 
tion this point. Some crushed polyps, exhibited meeting 
the Geological Society, were gangue which had undergone 
slow compression, such that which Potonié had recognized 
characterizing sapropelian muds. Renier had accepted sapro- 


Barrois, “Sur les Spirobes Terrain Houiller Bruay (Pas-de- 
Soc. Geol. Nord., Voi. XXXIII., 1904, pp. seq. 

Dorlodot, Sur les conditions dépot des marbres noirs dinan- 
tiens des sapropelites marines général.” Bull. Soc. Belge 
Vol. XXV., V., pp. 146 seq. 
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pelian origin for the black limestone Hun and Kaisin had done 
the same for the Dinant marbles. Dorlodot agrees with Renier 
that the limestone marine but dissents from the opinion that 
coast deposit. The conditions and stratigraphical relations 
had led him believe that was deposited far from for the 
deposits are not local, they are extensive and their lithological char- 
acter suggests. deep-sea origin. 

According Dorlodot, Renier’s decision favor shore 
deposit depends upon the presence terrestrial plants and 
sapropelic matter the limestone; but presence remains ter- 
restrial plants irrelevant, for Agassiz found them far from 
shore and deep water off the Pacific coast well the Gulf 
Mexico. Sapropel deposits can formed along coasts only 
lagoons bays protected against movement the waves. 
Proximity the coast not possible, for action the waves would 
cause continuous oxygenation the water. The deep sea would 
most favorable accumulation. supports his opinion 
reference carbonaceous shales the Toarcien, asserting that 
their geographical extent proof that they were not deposited 
isolated bays, while their fauna proves deposit the maximum 
immersion—and those shales contain remains land plants. The 
fact that deep sea soundings our day show sapropelian de- 
posits not final. The problem not explain why the old 
marine rocks are rich kaustobiolithic materials, but why 
modern deep sea deposits are poor. The problem may stated 
another way. How aerobian life possible great depths 
the ocean cause destruction the organic matter which 
the plankton must afford? This explained the bottom-creep 
oxygenated water from the poles; the Black sea, which 
beyond the influence that creep, there are only anaerobic organ- 
isms its depths. Sapropelic character does not prove shore 
origin—it rather tends establish and times demonstrate 
deposition distance from the shore and great 
Dorlodot believes that the limestones under consideration were de- 
posited far from the coast and calm water. 

difficult discover the force this reasoning and equally 
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difficult understand the bearing some the arguments upon 
others. That from geographical extent unimportant for the 
Brush creek limestone has been traced 150 miles and must have 
had notable area the now eroded region the east. Nor does 
seem essential deposition sapropel that the water calm. 
Potonié has told extensive lakes Germany, formerly navigable 
but now choked with sapropel. The surface navigable lakes, 
great small, apt churned into waves. reason can 
assigned why the Frische Haff, the mouth the Vistula, may 
not filled with sapropel, provided conditions remain now. 
The presence fragments land plants not itself final evi- 
dence deposit shallow water offshore area; but the 
discoveries Agassiz hardly relate themselves the matter, 
for did not report the presence sapropel material mud hold- 
ing fragments rotten wood, though the region one favorable 
accumulating such material according Dorlodot’s conception 
can imagine. The arctic creep must its minimum the 
Gulf Mexico. One may hardly refrain from suggesting that 
Dorlodot has not conceived the problem fairly. Unquestionably 
the absence kaustobiolithic materials from deep sea deposits 
this day perplexing interesting and the explanation offered 
that author may may not correct. But that not the seri- 
ous problem, for most the Coal Measures marine limestones are 
free from sapropel are the present deep-sea limestones, that 
conditions then were very much like those this time. The 
assumption throughout the discussion that the marine fauna 
the limestone indicates very considerable depth water, the maxi- 
mum immersion. Even this open question. True, 
accord with the prevailing opinion, which, having been unchallenged 
for long period, has become, for many, one the fundamental 
pillars geology. Studies the Appalachian 
areas lend support the belief that deep water covered the 
Appalachian basin during the and the stratigrapher hails 
their conclusions with gratification, they coincide with his own. 
These conclusions and the arguments supporting them will found 


page. The arguments are applicable equally conditions 
other lands. 


512 STEVENSON—THE FORMATION COAL 


The use the term currents explain local conditions apt 
misleading. There good reason for supposing that there 
were any currents the Appalachian basin. The close succession 
often coarse sandstones upon marine limestones, even upon 
sapropelic limestone, shows that the deposits were near shore. 


review the conditions leads conclusions the same 
those suggested deposits other materials. The marine lime- 
stones are local, are areas which, for the most part, can de- 
termined closely. Those the earlier formations are found 
both sides the Alleghenia ridge, but the localities, which 
observations have been made, are too widely separated admit 
attempt determine their relations. The Beaver and Allegheny 
limestones, however, have been traced detail. the western 
side, within the Ohio basin (of Schuchert), they followed 
general way the direction the pre-Beaver valley Ohio but 
they approached the Pennsylvania line, they turn eastward into that 
state. This variation becomes notable the Vanport, which seems 
have followed rather closely Pennsylvania the lines valleys 
eroded during the immediately preceding times. There can 
question that the early drainage line, established prior Beaver 
time, persisted until the middle the Allegheny and that de- 
termined the area sea-invasion, the old river valleys along the 
Atlantic coast have done recent times. The extent the lime- 
stones, though they follow the same line great part, shows that 
the estuaries, due drowning the valleys, were not equal 
length. When one examines the conditions the eastern side, 
finds that, the Beaver and Allegheny, the marine limestones 
occur within small area West Virginia. Erosion has removed 
the Pennsylvanian from great expanse the eastern side that 
the relations these limestones cannot determined beyond the 
present exposures, but the deposits seem mark the upper portion 
successive estuaries along the same general course. The sea- 
invasion this side may not have reached far north the 


western. 
the early Conemaugh, the conditions were somewhat different. 
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The long serpentine course the Brush Creek limestone from Mary- 
land central Ohio shows that, while there had been great 
topographical change and the whole area was still lowland, there 
had been enough change during deposit the underlying sandstone 
make possible, slight submergence, broad, continuous drowned 
valley across nearly the whole bituminous region,—from very near 
the eastern outcrop westward the line the pre-Beaver valley. 
This depression did not affect the southwestern part the region 
there nothing there answering the Brush Creek; the invasion 
was from the east. But during the next interval, the earlier con- 
ditions were restored and one finds the Cambridge limestone follow- 
ing approximately the course the Vanport Pennsylvania, Ohio 
and Kentucky, though reaching farther eastward the latter states. 
But about the same time, there was new invasion the eastern 
side along the line Brush Creek estuary, for marine limestone 
present western Maryland while farther west near the Monon- 
gahela River West Virginia, there non-fossiliferous limestone, 
which may represent the shore phase the same deposit. 

The Cambridge limestone marks the temporary culmination 
long continued subsidence which brought constantly widening 
area the west side sea-level and eventually below it. That 
area continued widen eastward and reached its maximum when 
the Ames limestone was deposited. Peneplanation the bituminous 
region had become far for long period only fine material 
had been brought down the streams and very great part 
the region had become converted into mud flats through which the 
streams meandered shifting channels, sorting the fine clays and 
sands. The rivers must have emptied into estuaries around the 
border for marine conditions existed far north the southern 
line Pennsylvania just prior the Ames. Limestone deposition 
began first the west, the thickness and purity the rock being 
best marked Ohio, and advanced east and northeast until the bed 
covered great part the bituminous region. The efflux the 
cleaner water was abrupt, but the limestone followed fine 
deposits most localities and was not until feet shales had 
been laid down much the region that the normal conditions 
were restored. possible that the feet muds, which 


q 


514 STEVENSON—THE FORMATION COAL 


there evidence marine life, may the measure the extreme 
possible depth which the Ames limestone was deposited. Indeed 
one tempted, view conditions observed islands mid 
ocean, suggest that the abrupt appearance muds above the 
Ames might regarded evidence that the limestone was deposited 
very shallow but very clean water; and the temptation the 
stronger, because stream-sorting appears the arrangement 
materials composing the overlying shale. 

Were these limestones deposited deep water? The testimony 
the fossil remains answer this question will examined 
succeeding page; but there are several matters considered 
here. some cases, the limestones can followed their disap- 
pearance. The Vanport limestone Pennsylvania ends long 
prongs within Pennsylvania, gradually passing into sandstone, débris 
from the sides the valleys which the limestone terminates. 
And fossils continue after the change has begun. The western edge 
the Ames limestone was reached Condit Meigs county 
Ohio, where that rock, still fossiliferous, rippled and con- 
glomerate with quartz pebbles. This condition not unknown 
other limestones the Carboniferous; verbal statements geol- 
ogists, who cannot recall localities, may accepted, the condition 
familiar. The writer indebted for specific instances 
earlier formations. Shrinkage cracks and wave marks are abun- 
dant marine fossiliferous rocks Stones River and Black River 
age southern Tennessee, where the deposits, convinced, are 
shallow water origin. the Cahaba valley Alabama, the 
border between the Bessemer and Montevallo quadrangles, dis- 
covered the base the Stones River (Chazyan) limestone, 
pebbly bed, which was examined area several square miles. 
one locality, the pebbles are comparatively few and occur 
layer never more than feet thick; but elsewhere the vertical dis- 
tribution much greater, becoming feet, which fragments 
are abundant, while small pebbles occur throughout the higher por- 
tion the bed. The pebbles are quartz, quartzite and chert, 
varying size from three fourths inch down. Many are 
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well rounded, but those which are angular subangular are quite 
abundant. Maclurea magna and considerable number other 
forms are present the limestone containing the pebbles. This local- 
ity must have been very near shore line; there evidence 
suggest that the shore was precipitous and one must agree with 
Butts that deposition shallow water indicated, although, accord- 
ing accepted doctrine, the fossils suggest deep water. The pres- 
ence fossils the Chazyan limestones well the Ames and 
Vanport, where the rock changing into merely calcareous sand- 
stone, makes clear that the presence marine fossils not 
taken final evidence deposition deep water. 


The Testimony the Fossils—There are few fossiliferous 
horizons the Appalachian basin and collections have been made 
not many localities. But, one bear mind that the areas 
marine deposits are comparatively insignificant, the number col- 
lections will appear sufficient. 

systematic collection Mercer forms was made the Zanes- 


ville-Newark region and some notes respecting the fauna 
the horizon Pennsylvania were given White. 
the Ohio area there were obtained species One crinoid, 
coral, bryozoans, inarticulated brachiopods, articulated 
brachiopods, pelecypods, gastropods and cephalopods. Ray- 
has given list forms collected him from the Vanport 
several localities Beaver county Pennsylvania; shows 
corals, bryozoans, one inarticulated brachiopod, articulated 
brachiopods, pelecypods, gastropods and cephalopods. 
White added this list from Lawrence county crinoids, articu- 
lated brachiopod, pelecypods, gastropods and cephalopod. 
Twenty-three species are common the Mercer and Vanport 
these lists. Probably the Vanport list incomplete, consider- 

Clara Mark, The Mercer Limestone and its Associated Rocks 
the Zanesville-Newark Region,” Bull. Sci. Labor. Denison Univ., Vol. 
XVI., 1911, pp. White, Sec. Geol. Surv. Penn., Rep. 68; 
Rep. Q2, 61. 

Raymond, Preliminary List the Fauna the Allegheny 
and Conemaugh Series Western Topog. and Geol. Surv. 
Penn.], 1911, pp. 83, 84. 
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able number the Mercer forms are not recorded, though they have 
been found the Conemaugh Pennsylvania and West Virginia. 
equally probable that the Mercer list local only, some forms 
mentioned the Ohio are not given. 

The first deposit the Conemaugh the Uffington shale, 
rich fossils some places within northern West Virginia. The 
important list that forms collected Morgantown, 
few miles south from the Pennsylvania line. There are articu- 
lated brachiopods, pelecypods, gastropods, cephalopods, 
which Stevenson later collections added coral, crinoids, 
pelecypods and cephalopods. The rock black shale, more 
less ferruginous, the conditions being very different from those 
the Vanport and Mercer, yet, this collection species made 
exposure about square feet, there are species com- 
mon with the Vanport and with the Mercer. The Brush Creek 
limestone and associated shales are separated from the Uffington 
below the Brush Creek coal and the Mahoning sandstone. Lists 
from Pennsylvania have been given Raymond and White and 
brief list forms collected western Maryland has been published 
The list Raymond contains coral, inarticulated 
brachiopod (Lingula), articulated brachiopods, pelecypods, 
gastropods, cephalopods. these, White adds one pelecypod and 
Martin adds crinoid and articulated brachiopod. Thirteen 
species are common with the Mercer and with the Vanport. 
Omitting the Cambridge, avoid repetition, one comes the Ames 
limestone, which actually continuous-over greater area than that 
any other deposit the whole column. list 
five localities the Pennsylvania railroad, east from Pittsburgh, 
contains coral, inarticulated brachiopods, articulated brachio- 
pods, pelecypods, gastropods and cephalopods. The inarticu- 
late brachiopods and the pelecypods are rare. Stevenson gave lists 


Meek, “Lists Carboniferous Fossils from West Virginia,” 
Third Rep. Regents Va. Univ., 1871, pp. 68-70. 

Raymond, loc. cit., pp. 85-87; White, Rep. 34; 
Martin, West Va. Geol. Surv., Vol. 1903, pp. 280, 281. 

Raymond, loc. cit., pp. 89-92; Stevenson, Ohio Geol. Surv., 
Vol. 1879, pp. 207, 223. 
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forms occurring Guernsey and Harrison counties Ohio, 
where the rock fairly good limestone. found corals, 
crinoid, inarticulated brachiopod, articulated brachiopods, 
pelecypods, gastropods and cephalopod. Condit 1909 pub- 
lished list from Meigs county, Ohio, which adds two species 
articulated brachiopods. Meek’s list from near Morgantown 
contrast with that just given, for shows one species inarticu- 
lated brachiopods, articulated, pelecypods, gastropods, 
cephalopods, which Stevenson later date added one articulated 
brachiopod, pelecypods and one gastropod. The contrast due 
the fact that the collection, studied Meek, was made locality 
where the Ames limestone obscured mass fossiliferous 
shales extending downward into the horizon the Pittsburgh reds. 
mile north, the limestone distinct and has pelecypods 
except Myalina and Aviculopecten. comparing these lists with 
those from earlier deposits, one finds species common with the 
Vanport and with the Mercer. The Ames limestone succeeded 
Raymond found marine forms several levels. They are not 
abundant, but species articulated brachiopods, pelecypods 
and one cephalopod were recognized and Orbiculoidea was found 
near the top the deposit miles east from Pittsburgh. 

would seem that distribution the organic types depends 
often upon the character the rock. Miss Mack observed that 
pelecypods are more abundant the shaly layers and brachiopods 
are more abundant the purer limestone. Raymond’s lists indicate 
that brachiopods are very numerous his Vanport localities, where 
the limestone may that, where White obtained many 
pelecypods, the limestone broken calcareous shale. The Ames 
limestone comparatively pure where Raymond’s collections were 
made and Ohio good limestone; pelecypods are very rare 
species are recorded but individuals are very few. Near Mor- 
gantown, West Virginia, the Ames yields pelecypods except 
lina and Aviculopecten, whereas pelecypods and gastropods are abun- 
dant the associated shale, the latter, times, making the 
greater part the mass. Brachiopods are less common these 
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shales, but they are the same species the overlying limestone 
and equal size. 

The lists, has been said, are local; they not suffice for 
comparison faunas the several horizons; but that unimpor- 
tant here. Each locality has been examined with such care 
give just conception the manner which the several groups 
organisms occur. should kept mind that fossiliferous beds 
are not only fewer number within the Appalachian Pennsylvanian 
than the region west from Cincinnatia, but also very much less 
prolific species and less commonly prodigal individuals. 
These features suggest the paleontologist that marine conditions 
the Appalachian basin were abnormal. 

The give information respecting the conditions. 
Only two species coral have been found and one them has 
preference for limestone over shale, individuals being equally abun- 
dant both. One the crinoids has similar distribution. 

Few species bryozoans have been reported but these abound 
several horizons. They are found pure and impure limestones 
well shales containing very little matter. They 
are characteristic somewhat sandy shales the Waverly north- 
ern says that bryozoans recent time flourish best 
water depositing slightly argillaceous quiet 
water—and depths little beyond the zone violent wave action. 
The habits these animals seem justify the conclusion that the 
limestones and other beds which they abound, the Mercer, Van- 
port and Cambridge, were deposited comparatively shallow water, 
probably less than 100 feet deep; and this conclusion strengthened 
the fact that some localities the area those limestones was 
restricted that violent wave action would hardly possible. 

The brachiopods, first glance, are less definite. According 
among recent species inarticulated brachiopods 
live between high tide and feet; between and 600 feet, and 
only one great depths. and Discina are unknown below 
feet but Crania and Discinisca occur greater depth. The inar- 
ticulated forms have changed comparatively little character since 


Ulrich, Bull. Geol. Soc. Amer., Vol. 22, 1911, 252. 
Schuchert, Bull. Geol. Soc. Amer., Vol. 22, 1911, pp. 258-275. 
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their first appearance and, all probability, little their habits. 
For the most part, they cling closely the strand recent times. 
Articulated brachiopods the present day require deeper water and 
the living 129 species belong between and 600 feet. 
chonellids are never found shallow water but this was not always 
the condition, for the older rocks they often occur abundantly 
with thick-shelled lingulids coarse sandstones and mud beds. The 
terebratulids range from between tides downward. all living 
brachiopods, per cent. are bound shallow waters, per cent. 
are found the deeper waters continental shelves and only 
per cent. occur greater depths. 

Applying Schuchert’s results the Appalachian basin, one finds 
that Lingula and Orbiculoidea (Discina authors) are common 
the dark roof shale the Middle Kittanning coal bed Ohio and 
that Lingula found several roof shales within Kentucky. 
present the Brush Creek horizon. Orbiculoidea reported from 
the Mercer and the Ames, one species being common both, and 
the same genus has been obtained from the upper part the muds 
and following the Ames. These forms are not numerous 
the limestones but they abound some shales. The individuals are 
seldom more than five eighths inch long but that size excelled 
only forms coarse rocks. the articulated brachiopods, the 
rhynchonellids, which now prefer deep cold water, and the tere- 
bratulids, most which now inhabit the deeper shallow zone, are 
feebly represented the Pennsylvanian—perhaps because these 
brachiopods were little differentiated that time. the other 
types, practically all belong families now extinct and one must 
determine their habits the record which they have left the 
rocks. The productids attained noteworthy size the later De- 
vonian coarse sandstones, where they are associated often with 
heavy-shelled Lingula Discina. They are abundant both the 
pure and the muddy limestones the Maxville. species 
Productus are reported from the limestones and shales the Penn- 
sylvanian within the bituminous region, one being common all 
the lists, four them, three, two belonging the Cone- 
maugh and one being confined the Vanport. Five species are 
found limestone and shale alike and two are abundant shale 
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which contains only trace matter. The Spirifers 
are represented two species, one which shale well 
limestone and its size the same both. Sandstones with marine 
forms seem few the Appalachian basin and the fossils are 
rare; but such sandstones are numerous the Devonian that 
basin. Spirifers the later type attain great size the coarse 
Oriskany sandstone where they are associated with huge Discine; 
while the later Devonian they are present the coarser beds 
the Chemung, often appearing great numbers. The athyrids are 
the same throughout, whether the rock limestone shale. few 
the Pennsylvanian brachiopods occur only where the limestone 
free from sand clay, but that proves only that they preferred 
the cleaner water; has bearing the question depth, for 
within few yards the limestone shades off into calcareous shale. 
Condit’s discovery the Ames fauna near the western shore line, 
where the rock sandy, conglomerate and wave marked, shows that 
the animals existed shallow observations the 
Ordovician fauna are equally definite. The evidence clear 
respecting the Pennsylvanian brachiopods, that one tempted 
believe about all the genera, Schuchert has suggested respecting 
the rhynchonellids, that they were originally forms belonging 
shallow water, and that the tendency many modern forms 
prefer deeper water modification due subsidence coastal 
areas. far the testimony brachiopods concerned, there 
every reason suppose that the marine deposits were laid down 
shallow water. 

The pelecypods the Pennsylvanian within the Appalachian 
basin are allied, for the most part, families which recent times 
have great vertical distribution. Pectens range from 200 
fathoms; Limas from 150; Arcas from low water 200; 
but aviculoid forms seem deeper than fathoms. the 
same time, one must bear mind that, while many genera have 
great vertical range, there is, most them, large number 
species which are confined water shallow that preferred 
Lingula and certain that most the Coal Measures 
pelecypods thrived best where the water carried clay sand and 
thrived poorly where pure limestone was deposited. Few pelecypods 
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were obtained from the limestone the Mercer horizon but they 
abound the calcareous shale; the Brush Creek limestone and black 
shale has abundance brachiopods and pelecypods, the latter espe- 
cially numerous individuals; the Ames limestone has few pelecy- 
pods, specimens the six recorded species being rare 
whereas the underlying shales have yielded species, most them 
represented abundantly—and with them are several species 
brachiopods. Wholly similar conditions exist Devonian and 
earlier formations where pelecypods abound sandstones and even 
muds but are comparatively rare the limestones. 

Gastropods the present day have great vertical well 
geographical distribution, but many genera and species other 
genera have very limited vertical range. Respecting those the 
Pennsylvanian, little can said. Their mode occurrence gives 
little clue their habits, for many the species are almost equally 
abundant shale and limestone. The migratory tendencies 
gastropods makes the evidence scattered, even that compara- 
tively numerous individuals doubtful value; but where clay 
shale crowded with specimens two three species, the 
case many times, there little room for doubt respecting the habitat 
preferred those species. One who has made collections several 
localities would not hesitate assert that many species gastro- 
pods found the Allegheny and Conemaugh preferred live near 
the ingress muddy water. 

one were conclude from the occurrence cephalopod re- 
mains, might decide that the character the water has been 
indifference, for, from the earliest appearance those 
forms, they have been distributed limestones, shales and sand- 
stones, sometimes attaining great size the last. far the 
Coal Measures Pennsylvania and Ohio are concerned, the writer 
has obtained few specimens from the limestones but has collected 
very many from the shales. The distribution would indicate that 
muddy water was preferred. this inference has good basis. 
Cephalopods are migratory; modern types prefer pure water; but 
after death, the shell freed from the animal may float great distances 
dropped any kind bed. The presence and the distribu- 
tion cephalopods give certain information respecting the con- 
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ditions. the same time, does appear strange that, the older 
forms preferred clear water, they are found seldom the Mercer 
and Vanport limestones, formed long estuaries, while they are 
abundant the muds which are associated with the Brush Creek 
and those underlying the Ames. 

would appear that the distribution and the habits inverte- 
brate animals forms lend support the belief that the Appa- 
lachian basin, during Coal Measures time, was ever covered whole 
part deep water. The passage muddy-water-loving 
pelecypods and gastropods into the more calcareous and even into 
the limestone areas, the occurrence such forms shale patches, 
lying within limestone areas with different but interlocking fauna, 
suggest that the areas limestone deposit also the water was shal- 
low, that those were merely estuaries, bordered great part 
lowland areas with very sluggish drainage. 

discussing the lowest Coal Measures deposits near 
Mons Belgium, regards the absence gastropods, the abundance 
pelecypods with byssus, especially mytiloids, aviculoids and 
pectenoids, evidence that the deposit was littoral. Modern condi- 
tions the Belgian coast strengthen his conviction. The abundance 
ammonoids might indicate deep water, but this cannot decisive 
the presence contrary evidence. One can easily understand 
the presence cephalopods littoral deposits, but would diffi- 
cult not impossible explain the great abundance molluscs 
with byssus deposits made far off shore. says that Barrois 
had come the same conclusion respecting the alum-bearing shales 
Marly, but Haug has placed generally among deep sea deposits 
the shales and fine shaly sandstones with and Pseudo- 
nomya, constituting the Culm. While the life indicates littoral 
deposition, the fine grain the sediment seems accord better 
with certain distance from the shore. But this objection means 
nothing for, actual conditions show, the coarseness fineness 
shore deposits depends features the area, its lithology, altitude 
and climate. The coal terrain, excepting intercalations only few 

Cornet, terrain houiller sans houille la) fauna dans 
bassin couchant Mons,” Ann. Soc. Geol. Belgique, Vol. XXXIV., 
1906, Mem., pp. 130-152. 
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meters thick, formed very fine sediments. Clay shales make 
about per cent. the column; nevertheless the Upper Coal 
Measures the Franco-Belgian basin cannot regarded 
deposit the deep sea. feels compelled believe that the 
neighboring areas were lowlands and that the continent was 
advanced stage peneplanation. 

Jukes-Brown had reached the same conclusion respecting the 
English coal terrain. 

the work already cited frequently, asserts that, 
during the periodic invasions the the depth water 
the Appalachian sea was very shallow, rarely exceeding 200 
300 feet. the west shore Appalachia, conglomerates, sand- 
stone and coarse muds, with rippled surfaces, are common; while 
calcareous periods, one finds shrinkage cracks, marking great mud 
flats inundated periodically with calcareous materials nearly devoid 
life. the New York basin, the northern division the Ap- 
palachian, the later deposits are sands and muds without marine life, 
though containing some land plants, some fishes and some fresh- 
water bivalves. The sands are often red, oxidized materials 
estuaries, dried out sun and air. The shallowness the sea 
evidenced the almost endless list formation names applied 
field geologists. These conditions existed the close the 
Devonian. 

some instances would farther than Schuchert 
limitation depth. These students had covered very great part 
the United States either personal observation study 
collections made government geologists and others. They agree 
wholly asserting that seas caused ocean invasions were 
shallow, but Ulrich feels justified admitting for some extensive 
areas less depth than that which Schuchert, with abundant caution, 
had named probable maximum his general statement. 
had examined about marine embayments Ordovician and 
Silurian age the Nashville and Ozark uplifts—the former within 
the area Cincinnatia and the latter much farther west. His con- 


Paleography North America,” pp. 438, 439. 
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clusion that the depth water was never more than 100 feet 
those localities and generally much less. His studies led him 
conclude that the average depth Palzozoic seas was even less 
than 200 feet and that none attained depth exceeding 600 feet. 

There reason suppose that the non-marine limestones are 
other than shallow water deposits; they are sun-cracked and rippled 
some extensive areas. Equally there appears valid 
reason for supposing that the marine limestones are deep sea 
origin; times, they are sun-cracked and wave-marked; others 
they are distinctly near-shore deposits; yet the fauna, character- 
izing them distance from the shore, present and the in- 
dividuals are such size show that the conditions were not 
unfavorable. The only ground for asserting that the limestones are 
deep sea origin the time-honored conception that presence 
certain groups invertebrates proof that the water was deep. 
This conception itself stands seriously need proof. 


Mope 


Before taking the study coal beds, necessary ascer- 
tain, possible, the conditions under which the deposits already 
considered were laid down. Three possible hypotheses have been 
suggested. 

The basin may have been Mediterranean sea, 250 miles wide 
and more than 800 miles long, 4,000 6,000 feet deep, into which 
streams delivered débris until the whole area was filled. 

The basin, originally almost wholly dry land, was brought under 
water gradual but interrupted subsidence; inflowing streams 
formed deltas which eventually filled the basin. 

The water-area, during most the period, may have been com- 
paratively insignificant. The two longitudinal valleys may have 
had each its own important river, with tributaries, which formed 
dejection cones, remodeled floods and meanders the 
streams, while the whole region was subsiding slowly though not 
continuously. 

The first hypothesis altogether improbable. involves the 
conception that the surface the sea within the basin was tide 
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level and that the water was excluded finally deposition 
mineral matter the bottom. Under such conditions, would 
impossible account for the formation fossiliferous limestones 
and shales within narrow well-defined areas 2,000 feet below the 
water-surface. would impossible account for the distribu- 
tion conglomerates and pebble rocks, almost free from argil- 
laceous matter, over great areas the central parts the basin, 
100 more miles from the shore and depth several thousand 
feet below the surface. would impossible explain the 
occurrence sun cracks, ripple marks and clumps plants situ, 
which are found many horizons throughout the 
would almost impossible discover source for the material, 
which has filled this vast basin not less than 200,000 square miles 
depth 4,000 not less than 6,000 feet. The Appalachian 
land the north would have been very narrow, for Carboniferous 
beds, with coal, were forming New England less than 175 miles 
away the east; the lowland Cincinnatia separated the basin 
from the Indiana region where coal deposits were forming, more 
than 175 miles distant; while, the northwest, the Michigan area 
was filling, less distance away. The land area would insignifi- 
cant all sides except due north; but one cannot accept that the 
source, unless willing assign the Pennsylvanian duration 
which would stagger the credulity even the most generous geolo- 
gist. The suggestion that the Appalachian basin was bounded 
the east great fault seems inadmissible for there 
evidence that the fault exists. The Appalachian system folding 
originated far back the and continued through the 
Devonian and Carboniferous. Its faults with insignificant excep- 
tion are overthrusts toward the west; but such overthrusts cannot 
explain the origin the basin, which could formed, formed 
fault, only normal fault with hade toward the west. 

Each the other suggestions, somewhat modified, would seem 
competent explain the phenomena; but this statement general. 
discussing matter this kind, one must endeavor gain 
birdseye view the whole area, for problem vast extent 
cannot studied with microscope. Many details have much 
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importance for the local observer but are without weight 
discussion the whole; while there are others, apparently unim- 
portant, which the importance cannot exaggerated. The diffi- 
culty distinguish essentials from non-essentials, for one’s 
convictions long entertained exert much influence. any case, 
this personal equation must affect interpretation the record, 
that the student must content offer only contribution, leaving 
another the completion the work. necessary first all 
have knowledge present conditions. 

the third part his work, has discussed the con- 
stitution, origin and formation deltas, bearing upon the deposit 
sedimentary rocks and has given the results experiments the 
extensive settling vats Commentry. After exposing the errors 
into which geologists have been led imperfect observations too 
limited areas, proceeds show that the lack horizontality 
not necessarily evidence dislocation, first referring Weg- 
surface. Where beds have been laid down such surfaces, they 
pass insensible slopes and curved lines from horizontality 
inclinations more less strong and modeled the surface below 
the same beds, thick the low parts, become thinner rising and 
imbricate with beds previously existing. discussing delta de- 
posits, one must distinguish carefully between the Alluvial 
emerged and the Neptunian submerged portions. The material 
may either coarse fine and the inclination may vary con- 
siderably. 

Lake deltas, such are seen alpine areas, have abrupt 
affluents and the material near shore coarse while fine stuff 
beyond. The slope the upper edge from degrees 

Fayol, Etudes sur terrain houiller Commentry. 
logie stratigraphie,” Saint-Etienne, 1887, pp. 356-531. Though the writer 
dissents energetically from many conclusions, cannot withhold 
the expression admiration for the manner which that author has recorded 
every observation, making the work treasury house suggestion and in- 
formation. can serve model. other observers had followed the 
same method, one engaged preparation monograph would not have 
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but decreases until the same with that the lake bottom. 
The slope the shore varies greatly. Lake Geneva, that the 
Thonon delta degrees, but that the Rhone much less. 
the delta advances, the river’s mouth carried forward, while the 
stream meanders and covers the Neptunian beds with alluvium, 
which horizontal. This formation the alluvium sometimes 
slow not interfere with vegetation, the chief deltas 
the Alps, those the Reuss, Aar and Rhone. Fayol describes some 
natural and artificial sections lake deltas illustrating the 
amount transported material: says that, above the confluence 
the Aar and the Thiele, all lake basins have disappeared 
the Jura; alluvium from the streams, the growth peat bogs and 
the work man have converted them into prairies. Marine deltas 
differ from those lakes the waves and tides interfere with regu- 
lar development. The deltas great rivers differ yet more; the 
Neptunian deposits are more extensive and less inclined, there being 
beds several thousand square kilometers with inclination only 
some centimeters per meter. Little however known respecting 
these deltas, information having been obtained from only few 
borings. Enough, however, known prove that great deltas con- 
tain deposits vegetable matter, that the beds are less coarse and 
less inclined than those lacustrian origin. The arrangement 
the beds closely dependent the agitation the water, which 
turn dependent the size the basin. 

After recounting his experiments, which regarded amply 
confirming his conclusions respecting the origin the Commentry 
sands, shales and coal beds, Fayol returns discuss the primitive 
inclination sedimentary rocks. the doctrine primitive 
horizontality has had important influence the formulation 
doctrines respecting the formation coal beds, thinks useful 
examine the foundation and prove its falsity. cites 
Steno, Elie Beaumont and Dufrenoy, Lyell and Credner favor 
the doctrine, following the notes with long quotation from 
which are described the irregular and steeply inclined 
deposits near Nice, which that author thinks had the present abrupt 


Lyell, Elements Geology,” sixth ed., New York, 1866, pp. 18, 
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dip from the beginning. Fayol regards this astonishing ex- 
hibition inconsistency Lyell’s part, since the facts contradict 
Lyell’s conclusions respecting original horizontality. The reader 
can determine for himself, consulting the original work, how 
much reason exists for this exultation. 

Fayol examines the facts. asserts that Steno generalized 
after having examined only the alluvial deposits. The arrangement 
pebbles parallel the bedding proof original hori- 
zontality the slight average slope the ocean bottom has bear- 
ing deposits upon lake bottoms, for the latter often have com- 
paratively steep slope. The average the Mediterranean bottom 
slight, yet deposits the mouth the Var have dip 
degrees. Beds vegetable matter are buried the depths 
present deltas, and these have been considered beds formed 
the surface above sea-level and carried down subsidence, some 
cases, depth 150 meters; but geologists have reasoned 
erroneously from local accumulations mud and peat certain 
deltas, for from those they have reasoned accumulations hun- 
dreds meters and widespread oscillations the surface. 
fine, accepts Lapparent’s conclusions respecting the stability 
the earth’s crust and fortifies his position long citation from 
that author. convinced that has destroyed two errors: 
that the vegetable accumulations delta deposits were local 
origin the surface; that alternations freshwater and marine 
deposits are evidence oscillation the surface. 

certain that one can doubt the accuracy Fayol’s re- 
corded personal observations and many his conclusions are 
full accord with those other observers the same field during 
the last half century. But one must hesitate before accepting some 
the broader generalizations; they are clearly based observa- 
tions within too limited areas and apparently not wholly clear 
understanding what observers elsewhere have recorded. His 
experiments sedimentation were ingenious, were executed with 
great skill and perseverance; they excel, all respects, the earlier 
investigations Rozet, Wegmann, Constant-Prevost and others, 
yet, reading the record, one reminded Hebert’s remark that 
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not always possible experiment reproduce the complicated 
conditions existing nature. well learn the phenomena 
recorded others some localities mentioned Fayol. 

says that between Aspremont and Nice one sees 
the great mass pebbles marking the Var delta. notes some 
features which appear have been overlooked Fayol. This 
deposit extends northwardly the rocks Saint-Martin-du-Var, 
westwardly and southwardly the sea. The homo- 
geneous mass 350 400 meters thick and plunges beneath the 
sea between Aspremont and Cheiron with thickness 500 meters. 
rudely stratified and the dip varies from degrees. This 
the delta the Var, which was formed prior the Pliocene. 
cut, almost half way the bottom, old valley, now filled 
with bluish and yellowish clays, holding Pliocene 
later, this Pliocene deposit was trenched along its whole length 
the present river Var, which flows deep channel-way. The 
phenomena described Rosement show that, under certain 
relations land and sea, the first deposit was laid down; that under 
other relations, the river dug for itself broad channel-way the 
coarse deposit; that under still other relations, the valley was filled 
with Pliocene muds; and that last all, the whole mass being once 
more above sea-level, the river cut its way down the 
may well that the steep dips referred Rosemont, Lyell 
and Fayol originated way different from that conceived the 
last two authors. 

The Aar delta, very small, was studied long ago 
whose investigation was extremely detailed. The stream enters 
Meyringen alluvial valley, along which meanders for about 
miles, until, approaching Lake Brienz, divides form petty 
delta, meters wide the lake shore. Coarse material dropped 
Meyringen and only fine stuff reaches the lake, where forms 
submerged talus. The lake miles long and mile and half 


Rosemont, “Sur delta Var période pluviare,” Bull. 
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wide. The slope the talus degrees near the shore but, 
within 300 meters, falls degrees. The surface covered 
with fine silicious sand, homogeneous black mud, which also 
covers the lake bottom throughout nearly the whole extent. The 
talus must become continuous with the bottom deposit within three 
fifths mile. Martins thinks that the slope the delta proper 
degrees, but certain that the deposits are horizontal 
most the area, for Martins found the bottom level plain. 

The delta the Rhone, the head Lake Geneva, was studied 
whose results have been presented summarily 
Lyell. The lake miles long and miles wide. The 
depth more than that Lake Brienz, varying from 160 
fathoms, but only from 120 160 along the middle line. The 
Rhone enters the head turbid stream but limpid the 
outlet. old Roman town, the shore centuries ago, now 
mile and half inland. The older portion the delta, above that 
town, extends miles and flat alluvial plain, little above 
the stream and covered with swamps. The surface the sub- 
merged cone sinks very gradually and, mile and three quarters, 
merges with the bottom the lake, which covered with river mud. 
Fine and coarse materials alternate the delta deposit. When 
snows melt the mountains, the increased flow brings down sand, 
mud, vegetable matter and driftwood. centuries there has 
accumulated formation, perhaps 600 feet thick and nearly 
two miles long, with strata only slightly inclined. Conditions are 
somewhat different where delta formed torrent having 
great speed and moderate quantity water. The depth opposite 
the torrent Ripaille fathoms half mile from shore, 
that dip strata that minor delta must not less than twice 
great that the Rhone, apparently not far from 
degrees. 

descriptions and figures the well-dissected deltas 


Beche, Edinb. Phil. Journ., Vol. 1820, 107; 
Lyell, Principles Geology,” New York, 1872, Vol. I., pp. 413-415. 


STEVENSON—THE FORMATION COAL BEDS. 531 


the Bonneville area show that the dips layers are from 
feet degrees near the top but they diminish downward, the 
layers being disposed sweeping parallel curves. 

Dejection cones are merely deltas formed the air. They are 
all due stream transportation, but they differ greatly form. 
More than years ago, Gilbert advised that the broad deposits 
with gentle slopes termed alluvial fans, and that the term alluvial 
cones restricted forms with steep slopes and formed the 
smaller rapid streams. The distinction important, confusion 
the types descriptions seems have caused some miscon- 
ception, and the steep slopes described some writers are seem- 
ingly regarded typical all. long ago found slope 
degrees dejection cones composed solid and angular 
fragments. The greater slope always shown the less friable 
material and cones made air have much steeper slope than those 
made water. studies alpine areas were made 
search means for protecting mountain areas from ravage rain- 
fall. found that the slope dejection cone depended greatly 
the material which composed. Mud usually accompanies 
torrents and, where abundant, the first material gathered. 
the flow thick, the mud surmounts obstacles and drying, espe- 
cially calcareous, becomes tough, preventing access air and 
destroying vegetation. carry blocks pebbles, cements them 
and this way many breccias were formed the areas examined. 
The steepness the slope, which deposit may laid down, 
depends fluidity the mass. Gravels are deposited slopes 
not exceeding two and half per cent.; fragments, centimeters 
diameter side, may checked slopes two and half 
per cent.; while blocks half cubic meter come rest 
slope per cent. the blocks very large, the current 
drops them rapids; any event they are dropped the head 

Hogard, Quelques observations sur les nappes d’eboule- 
ment sur les lits déjection des torrents,” Soc. Geol. France, 
Vol. VII., 1850, 186. 
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the fan. These usually fall from the mountains, and the torrents, 
matter how strong, cannot carry them far. The fine mud and 
sand are not deposited along the torrents but are carried out the 
rivers become fertile alluvium. describes dejection cones 
made the Adour, Garonne and other streams, which have become 
confluent and which are now gashed diverging currents. 
discussing modes protection against devastation torrents, 
Surell says that unnecessary wait until the region has be- 
come reforested. suffices the surface carpeted with grass, 
brush shrubs. The herbaceous plants and the brush, com- 
pletely the trees, protect the surface the soil, divide the 
streams which tend ravine it, prevent abrupt concentration the 
waters and absorb certain portion the spongy humus, which has 
formed their devotes several pages discussion 
this topic and gives long list plants which take possession 
devastated areas, some them growing naked rock. 

One who examines only the illustrating figures given text- 
books danger supposing that alluvial fans are limited 
extent, confined mostly comparatively narrow river-valleys with 
abrupt sides; but the conception would erroneous. Gras,'** 
writing alpine diluvium southeastern France, says that great 
area between the Rhone and the first calcareous mountain the 
Alps filled with clay, sand and pebbles. This thick mass extends 
northward beyond Dijon and the Valley and follows the 
Rhone southward the Mediterranean shore. The chief develop- 
ment the Département Isere, whence becomes thinner 
southward. recognizes vast dejection cone, or, better, alluvial 
fan the Dauphiny plain, whose summit the Grand Chartreuse 
chain and whose base has radius kilometers. The ma- 
terials came from the mountains the east and contain the charac- 
teristic rocks Mount Blane and other areas, that they have 
been transported far. The streams have heaped pebbles the 
thickness hundreds meters. 

Sc. Gras, Sur période quaternaire, dans vallée Rhone 
division cing époques distinctes,” Bull. Soc. Geol. France, Vol. 
1857, 207. 
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description conditions along the upper Indus are 
equally illustrative. Alluvial fans tributary streams issuing 
from the highlands have radius about mile and slope 
about degrees, the extreme limits being and degrees. 
There are, however, other fans with steeper slope, but they are not 
alluvial—they originated talus. The streams subdivide the 
fans, which increase with regular form each stream yields its con- 
tribution. The fans, originally independent, become united. Drew 
gives figure representing the conditions along miles, where the 
fans have become continuous and extend two miles into the valley. 
The boundaries the original fans are still recognizable. Rivers 
cut across the deposits and the tributaries, lowering the channels, 
form new fans their outlets. 

The conditions described Drew resemble those seen along the 
upper Rhone. There one finds some cones with steep slopes their 
head near the wall, clearly talus origin, for they were formed 
streams issuing from hanging gorges, like the very steep deltas 
some Italian lakes, described The high angle slope 
reported some authors must due this mode origin. Along 
the upper Rhone well along the Adige, just the western 
slopes the greater alluvial fans are usually gentle 
almost throughout. Even the gigantic landslide, the Adige near 
Rovereto, has gentle slope where cut the railroad, though cov- 
ered with huge blocks. The areal extent the fans depends the 
width the valley and the transporting power the streams. 
There would notable variations slowly subsiding area, espe- 
cially the subsidence were not continuous. 

One may link this type deposit with that the great river- 
plains reference conditions observed the upper Nile. 
cites Russeger, who says that between Khartoum and 
Sennaar, not less than 200 miles, the deposits are: 

Drew, Alluvial and Lacustrine Deposits and Glacial Records 
the Upper Indus Basin,” Quart. Journ. Geol. Soc., Vol. 1873, pp. 
441-471. 

Taylor, Post-Glacial changes Altitude the Italian and 
Swiss Lakes,” Bull. Geol. Soc. Amer., Vol. 15, 1904, pp. 

Falconer, “On the asserted Occurrence Human Bones the 
ancient Fluviatile Deposits the Nile and the Ganges,” Quart. Journ. Geol 
Soc., Vol. 21, 1865, pp. 372-379. 
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River mud, like the Nile mud Egypt, containing calcareo- 
argillaceous concretions. 

Friable, fine and coarse conglomerate quartz grains and 
pebbles, cemented ancient mud. 

Ancient Nile mud, indurated, with embedded iron-shot clay, 
silicious limestone and, the ferruginous portions, marly con- 
cretions. 

Fine and coarse conglomerate, cemented ancient Nile mud 
and calcareo-argillaceous matter. very hard. 

Dark gray freshwater limestone. 

The beds are horizontal and feet deep. Vegetable 
remains occur throughout, except the uppermost bed; the whole 
freshwater origin, the fauna consisting species now living 
the Nile, accompanied some land forms. These deposits are 
the region widespread floods, whose great areal extent due 
vegetation the river channel, which the river cannot tear out. 
The type deposit different below the first cataract. 
says that Thebes one can recognize mica spangles from granite 
the first cataract, but Asfet the Delta, the spangles are 
minute that they can hardly recognized even with aid lens. 
Pebbles are very rare the delta area; but the composition and 
texture the deposit vary according position, coarse material 
being confined the main channels and their borders; fine material 
alone reaches the Mediterranean. 

examining the great delta regions search possible ex- 
planation conditions during Coal Measures times, one must not 
confine his attention the lowland areas; must consider also 
the alluvial plains extending times hundreds miles above the 
technical head the delta, even the region where tributaries 
bring down coarse materials. The story continuous from shore 
mountains. 

The immense plain eastern China curving 
around the mountainous region Shan-tung and extending 
southward from near Peking for about 700 miles with width 150 


Lieut. Newbold, “On the Geology Egypt,” Quart. Journ. Geol. 
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500 miles. The greater part this plain descends very gently 
toward the sea and, being generally below the level the Hoang-ho, 
exposed disastrous inundations attending the rise that 
river. The flood 1911 said have covered area miles 
wide and several hundreds miles long. The plain the work 
the Hoang-ho conjointly with the Yang-tse-kiang. vast 
swampy area, great part devoted rice culture. has 
shown that the Hoang-ho has shifted its course many times during 
the historical period. Chinese work, published 1705, states 
that the course the river was regulated Yu, which makes prob- 
able that diking had been undertaken and the plain placed under 
cultivation fully 2,000 years before the Christian era began. Pum- 
pelly republished nine charts, showing changes the channel-way 
during 3,000 years. The stream mighty, turbulent, subject 
enormous annual increase volume, due rainfall the distant 
Kuen-Luen mountains, and has always been source terror 
the millions inhabiting the plains. Dikes have caused elevation 
the stream bed, which, prior the last great change, was apparently 
higher than the adjacent areas from Whang-ho the mouth, 
distance 400 miles. Before that change, place about 
1850, the river flowed westwardly the Yellow Sea, entering 
south from the Shan-tung peninsula, about miles the same 
direction from Pei-chow about 150 miles north from the Yang- 
tse-kiang. The breach occurred near Fungpeh Suchan and the 
water flowed away the Gulf Pechele the north side the 
Shang-tung area. The passage was way the Tat-sing river, 
whose waters were increased six times their former volume. The 
new mouth more than 350 miles west north from the old one. 
1858, the old mouth was dry; but 1863, the river had not yet 
determined its new channel and water still spread over great tracts 
north from Tsinan, the capital Shan-tung. 

states that the Ganges-Indus-Brahmapootra plain 
northern India embraces about 300,000 square miles and from 
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nearly 300 miles wide. The lowest point the divide between 
the Indus and the Ganges 924 feet above tide, but, fact, there 
dividing ridge between the two systems and very trifling 
change would divert the water from one side the other—and very 
probably such changes have occurred. traces marine condi- 
tions appear upper India since the early Tertiary. There 
proof that the whole the plain was any time under water, nor 
there any proof that was not. The Eocene sea occupied the 
Indus valley the foot the Himalayas and extended eastward 
Kuchann. But thence the Gano hills, trace marine condition 
exists. the Eocene sea occupied the Ganges area, strange 
that marine forms have been found. The same statement applies 
the Brahmapootra plain, which now great part too swampy 
for cultivation. 

says that the Lower and Middle Siwalik formations 
are composed immensely preponderating sandstone, with occa- 
sional thick beds red clay and rare, thin, discontinuous bands 
nodular earthy limestone—the sandstone itself being occasionally 
Conglomerates prevail the Upper Siwalik and they 
are often made the coarsest shingle, precisely like that the 
beds the great Himalayan torrents. Brown clay occurs frequently 
with the conglomerate and times wholly displaces it. This clay, 
even when pushed the vertical, cannot distinguished, hand 
specimens, from the recent plains-deposit and doubt was formed 
the same manner alluvium. The sandstone the zone ex- 
actly like the sand forming the banks great rivers, but more 
less consolidated. The suggestion that the Siwalik hills are merely 
upraised portion the India plains was not wholly misleading. 
one time, the mass was supposed marine origin—a relic 
the old notion that water-basin was essential condition for 
extensive accumulation deposits, and that sea-margin was 
needed for such spread shingle found the Siwaliks. 
The same opinion prevailed concerning the plains themselves. But 
the ocean had nothing with the matter. The mountain torrents 
are laying down great masses shingle and clay the margins 
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the plains; the thick sandstones and sandy clays the Tertiary 
are, form and composition, similar the actual deposits the 
great rivers. The vast extent the alluvial fans illustrated 
one example: 


“In the range between the Jumna and the Ganges, clays are very sub- 
ordinate and the conglomerates are formed the very hardest quartzite 
pebbles, just like the shingle now found the great mountain torrents. 
This portion the range is, fact, ancient diluvial fan the rivers 
Tons, Jumna and Ganges. The after its confluence with the Tons, 
now flows very obliquely across the and passes through the outer range 
far the west the point where leaves the high mountains, having had 
double around the immense accumulation hard materials had form- 
erly laid down front that gorge.” 


The Indus forming alluvial plains several parts its 
valley within Ladak. Medlicott asserts that there difficulty 
distinguishing lake from alluvial deposits. The former are fine 
laminated and horizontal; but the latter are irregular, coarse and 
may may not horizontal. 

The same later publication, remarks that the whole 
plain seems covered deeply with alluvial deposits, for even 
Ambala, the upper Indus region, boring has shown alterna- 
tions sand, clay and gravel with some calcareous clay. The sands 
are one feet thick; the clays, feet; but the calcareous 
beds are thin, none exceeding feet. the Jumna, within the 
Gangetic area and about the same distance from the Siwalik 
sub-Himalayan range, large bowlders were found feet, whereas 
the largest fragment Ambala only five two and half inches 
and pebbles moderate size are not frequent occurrence. 
important observe that organic material has been found 
the deposits either side the divide. Borings and excavations 
all portions the plain find the same alternation sands and 
clays. The “technical” head the Ganges delta, now exists, 
where the Hoogly set off, 170 miles above Calcutta, which 
miles from the sea; the nearest edge the recent alluvial 
plain miles west from that city—an immense area level 
strata. The submerged portion extends far into the sea and its 
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deposits are approximately horizontal. The depth water the 
Bay Bengal small, but outside the delta area, there 
deep depression known the Swatch ground.” All around 
it, soundings give depth fathoms, but the Swatch” 
that increases abruptly 300 fathoms. cited 
Topley, has shown that this space kept open currents, which 
may have kept clear while the adjoining area was filling. that 
case, the alluvial deposit would least 1,800 feet thick. bor- 
ing Calcutta has proved not less than 481 feet. 

relates that place the delta proper for 400 
miles from the sea does one see any gravel, the whole plain Bengal 
being overspread with Himalayan mud, homogeneous but becoming 
more sandy near the hills and occasionally containing abundance 
land shells. Those who sail down the river time flood see 
nothing but sheet water every direction, except here and 
there where the tops trees emerge above its level. reference 
vegetable matter made Lyell any other observer 
whose work the writer had had access—though the mud exposed 
river cliffs, feet high Calcutta. Lyell mentions the 
boring Calcutta which peat was pierced feet. Blanford, 
the work already cited (p. 400), says that this peat bed found 
feet from the surface all excavations around the city 
and that seems extend under large area the surrounding 
country, having been met with borings even miles south- 
east and miles east north. Lyell states that this was con- 
sidered old soil, carrying vegetation similar that 
the present Sundurbund. Logs and branches red-colored wood 
occur above and below the peat, little changed identi- 
fiable, and they were recognized the Soondri tree, now prevalent 
the foot the delta. this Calcutta boring, clay, sand and 
pebbles were pierced 120 feet and another forest bed was reached 
380 feet, while the boring ended beds pebbles, sands and 
bowlders. The conditions throughout suggest that, before sub- 
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sidence began, the area was diversified with hills and valleys, now 
reduced common level the mud deposit. One not justified 
referring the evidence respecting the peat accumulations 
unimportant; the observations embrace area greater than that 
all the coal basins within central France. 

But similar conditions exist elsewhere the India peninsula. 
published with comments the notes made 
Ormiston during excavations for government dock Bombay 
island, the west coast India. Ina space about acres, 382 
trees and stumps were uncovered, which 223 were erect. Some 
the prostrate stems were without roots, but others had’ been over- 
thrown place, for the roots were still partly embedded the 
soil. The stumps are rooted thin soil decomposed basalt and 
are surrounded stiff blue clay which rests black marine mud, 
feet thick. Stumps projecting above the clay into the black 
mud have been drilled Teredo; some cases the holes pass 
downward through the trunk towards the roots and are filled with 
indurated clay. Medlicott states that the trees are Acacia catechu; 
two drifted logs teak wood were found the clay. This clay 
deposit must have been made very quietly, for prostrate stem shows 
its branches and even delicate twigs place. The soil was very 
thin and the roots spread out horizontally; the trees were large, 
one the prostrate trunks being feet long. How far the forest 
extends unknown, investigations were made beyond the exca- 

But while the region the Ganges and Indus have been sub- 
siding more less since the late Tertiary, there have been local 
elevations mean extent within recent time; and their charac- 
ter such leave room for doubting that they had many 
predecessors. notes the comparatively recent elevation 
the Madorpora Jungh, whose southern extremity the city 
Dacca was built. This uplifted area miles long with extreme 
width miles and height 100 feet the west side toward 
the Brahmapootra. Fergusson describes detail the shiftings 

Records Geol. Surv. India, Vol. XIV., 1881, pp. 320-323. 
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the channel-ways the delta region, which covered with silt. 
MacMurdo' published the Asiatic Journal account the 
India earthquake 1819. extract was published Edinburgh, 
which has been utilized Lyell. This earthquake was felt within 
radius 1,000 miles from Bhooj, central the Indus delta. The 
previous depth the shallow eastern arm the river was only one 
foot ebb tide, but was deepened feet; the village 
Sindree, farther the stream, was submerged and lagoon was 
formed with area 2,000 square miles. Immediately after the 
shock elevated area was observed the northeast, where pre- 
viously there had been level plain. This, the Ullah Bund, more 
than miles long, miles wide and has average height 
feet above the delta surface. The course the Indus, Lyell 
related, was much unsettled during several years, but 1826 the 
river threw great body water into the eastern arm, which cut 
through all artificial dams well the Ullah Bund itself. The 
natural section, thus exposed, showed that the upraised land 
delta material. 1838, the Sindree lagoon had become almost 
filled with detritus. 

The area drained the Po, the great plain northern Italy, 
has received voluminous treatment from many geologists. sum- 
mary description the area was given who says that 
the plain contains 11,000 square miles and that the mountain area, 
drained it, 16,000 square miles. Borings the plain show that 
covered with approximately horizontal sand, clay and marsh 
deposits. The river, spite the enormous mass inorganic 
materials brought down from the mountains, does little toward 
aggrading the lower channel, the load deposited lakes whence 
clear water flows. The stream thoroughly diked from Cremona 
the delta marshes, and the dikes are placed some distance from 
the channel, enabling the stream, when flood, overflow con- 
siderable space before reaching them. This intermediate space 
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covered many places with willows and thick underbrush, that 
the current’s speed reduced and there little erosion the 
dikes. The deposits the plain the upper are irregular and 
cross-bedded, consisting cobbles, coarse gravel and pebbles with 
occasional wedges sand. times, local deposits stratified 
silt and clay are seen, such that near Turin, covering acres. 
The deposits are more regular along the lower Po, much the 
material being clay fine sand, often laminated. extended 
exposures, long, flat lenses sand are shown, which are enwrapped 
the finer sediments. 

The plain northern Italy receives drainage and deposits from 
the Alps and Appenines way the and its tributaries; from 
the Tyrolese Alps way the Adige; while smaller streams, 
flowing directly the Adriatic, contribute their share toward ex- 
tension the plain. has gathered the information 
bearing the development the plain, with its sands, clays and 
occasional coral limestones. the beginning the Pliocene, 
was great part dry land, for great valleys were excavated, 
which gravels were deposited. The topography, its broader fea- 
tures, was well-defined that time. During the later Pliocene, the 
region was invaded the sea and deposits, termed marine Pliocene, 
were laid down. These have been recognized much Italy, 
which must have been archipelago. But the close the Plio- 
cene, irregular differential elevation took place, appears from the 
altitudes correlated Taramelli. clear that, after the Miocene, 
great area was converted into dry land, brought again under 
the sea, but afterwards elevated some localities 700 
meters above that level, while others still below it. These 
Pliocene beds are the terraces diluvial deposits. 

has shown the wide extent pebbly and sandy 
deposits northern Italy and the relations those deposits the 
rivers. the plain Milan, the pebbles are often consolidated 
into conglomerate, which exposed along the river and rail- 
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road excavations. found that, south from Milan, the gravel 
too fine for use maintaining the roads, whereas, north from the 
city, ample material for that purpose found just below the surface. 
From Turin Verceil, the bowlders rarely exceed 
but, ascending from Chivasso toward the valley Aoste, Ivrée, 
one finds great blocks cubic meters. This deposit 
400 meters thick Ivrée, where one often sees 100 meters con- 
glomerate meters thick the Adda and some borings 
the left bank the have been pushed meters without pass- 
ing through the detrital mass. 

Martins and remark that the alpine diluvium under- 
lying moraine material composed pebbles, which decrease 
size one leaves the Alps. the foot the mountains they have 
diameter centimeters, but Turin they are rarely 
large man’s head. Small and large pebbles are present together 
and are mingled with sand and gravel. 

studied collections from about 100 borings and 
around Pavia, which the junction the and the Ticino. 
distinguished readily between the contributions made those rivers, 
for glaucophane characterizes the material and staurolite abounds 
that from the Ticino. Pebbles and gravels are wanting the 
exposed deposits, diluvial the terraces but alluvial the valley; 
some collections, however, especially those from the deeper 
borings, coarse sand and small pebbles are abundant. The usual 
color the sands ashen-gray, but some specimens are yellowish, 
the tint being due alteration ferruginous constituents. 
are from different depths and Tacconi conceives that these layers 
alluvium may have been exposed the air for considerable 
periods before burial under later deposits. The distribution 
minerals leads him suppose that, during the diluvial epoch, the 
great rivers, descending from the Alps, united the Lombardy plain 
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and covered vast area with water, spread the mingled 
sediment many water courses over the whole. 

The north-central portion the Italian plain certainly resem- 
bles closely confluent flood-plain. The Adige emerges from its 
valley just above Domigliana and, before reaching Verona, flow- 
ing the broad plain. has brought down immense quantities 
very coarse material; for many miles flows thick bed 
pebbles, derived great measure from the Tyrolese Alps. 
where the river enters Italy, bowlders, feet diameter, are not 
uncommon, but the surface material the flood plain not coarse, 
except along the lines filled watercourses. West from Verona, 
along the railroad there rock exposure, all river detritus. 
many places, the cobbles are large that the peasants gather 
them for construction fences; pebbles large and small are shown 
the railroad excavations between Verona and Milan, but they 
are sands; the lines stream flow are not shown any exca- 
vation visible from the road. The material decreases coarseness 
very quickly toward the south. Pavia about miles south from 
Milan, but coarse material found there; Piacenza about 
miles south from Brescia where the deposit very coarse, but 
the former city the materials are fine. The has been crowded 
the south side the plain, but has changed its course many times 
and the deserted channels are distinct. 

Morlot maintained that advance the plain into the Adriatic 
has been continuous spite long slow subsidence and asserted 
that, within the historic period, this subsidence has amounted 
feet; but the grounds for his assertion have been disputed. 
dence exists which cannot disputed, which proves long continued 
subsidence. reported that boring made Dagousse 
Venice the passed through 
132 meters sand, clay and peat. Micaceous sand prevailed 
the depth meters and beds peat were pierced 29, 48, 85, 
and 126 meters. asserts that the peat these beds absolutely 
the same that forming now several places within the lagoon. 
Challaye finds evidence this boring that, including the growth 


Challaye, Bull. Soc. Geol. France, Vol. V., 1848, pp. 23, 24. 
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the present surface, five forests have flourished this spot. 
Many borings have been made this immediate area and the evi- 
dence consistent throughout. has discussed the record 
one, which was driven 197 meters without passing beyond the 
clays and sands. Well-marked peat beds were found 18.80, 
29.15, 32.80, 46.50, 56.70, 86.80, 129.80, 151.50 and thin streaks 
down 165 meters. quite possible that some the very 
thin streaks carbonaceous material may composed vegetable 
matter brought down during floods, but the suggestion similar 
origin for the thicker deposits, made some writers, cannot 
entertained. view what known respecting the ability 
floods remove the plant cover, the suggestion must regarded 
pure assumption; the the present day confined within 
dikes, yet cannot sweep the enclosed narrow flood plain clear 
willows and underbrush; there reason suppose that the un- 
confined stream was more efficient. Moreover, the material brought 
from the borings peat, not mere agglomeration vegetable 
material, but peat, such now accumulates the surface. 
Tacconi emphasizes the fact that peat more abundant the upper 
portion the deposit, the important beds being within and 
meters and notes especially the bed 18.80, which 2.6 meters, 
and that 29.15, which 6.25 meters thick, and, like some the 
others, contains wood. The lower beds are thinner and increasingly 
impure, which leads him suppose that conditions were less stable, 
that the river courses were changed more frequently the earlier 
than the later stages deposit. The materials pierced this 
boring are mostly fine, only one layer coarse stuff having been 
found. The thickest clay bed meters and the thickest sand 
deposit meters. 

The Mississippi region has been described minutely many 
authors that only passing reference some details necessary 
here. The delta, usually limited, begins little way above the 
Red River Louisiana, but Tertiary times the water area 


Tacconi, “Sulla composizione mineralogica della sabbia 
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reached almost the mouth the Ohio, that the river bluffs 
show Tertiary and Quaternary deposits. broad space, covered 
with alluvium, extends northward St. Louis and continuous 
thence the Missouri, which the main stream, the upper Missis- 
sippi being only tributary. This alluvial area, subject flood 
prior construction levees, miles wide from the 
mouth the Ohio the head the delta, below which expands 
maximum about 130 miles. The area contracts above the 
Ohio, that, along the Upper Mississippi and the Missouri, 
frequently less than miles wide. 

The nature the river bed varies. From the head naviga- 
tion the mouth Maria’s river, the Missouri, with velocity 
2.7 miles per hour, flows loose gravel; but farther down the 
loess region the bed shifting silt. the lower course the 
Mississippi, the river has cut its way the Tertiary beds, which for 
long distances are swept clear later sediments the current. 
But samples, taken from the bottom many localities between the 
Ohio and the Gulf, show that immense deposits pure silicious 
sand and fine gravel, wholly free from river mud, exist the 
channel-way. These are found below channel-chutes, all angles 
the direction flow, sometimes even parallel with it; but they 
rarely extend from one side the other. The velocity the water 
such places too great permit much deposition but insuffi- 
cient wash away the sand. The materials become finer the 
Gulf approached. The bar the mouth Southwest pass 
sand and mud, soft mud being inside and around the shoal, 
while the surface material much harder, containing much sand. 
The bar the mouth South pass chiefly sand with spots 
soft mud, but away from the shoal, the bottom covered with soft 
yellow and blue mud the passes. 

Studies were made 1851 ascertain whether not material 
was pushed along the river. keg was laid the bed such 
fashion retain suspended matter while permitting unimpeded 
flow the water. Coarse sand with some clay was obtained 
many localities, while others only coarse sand remained the 
keg. Near the mouth Red River, the head the delta, the 
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samples consisted small gravel and coarse sand with very little 
clay. coarse material carried beyond New Orleans but 
pebbles occur the lower alluvium near that city and the bars 
the mouths the passes show very distinctly the effect sorting. 
The source the coarse material was not determined, but any 
event certain that the gravels had travelled hundreds 

The story has been continuous along the Mississippi since early 
the Tertiary. The river has made its valley the soft rocks 
forming its bluffs, where successive deposits are exposed. the 
later Tertiary well the alluvial deposits, one sees the cypress 
swamps which one time were the surface. The erect stumps 
and fallen trunks are present, the condition being wholly like that 
recent swamps, except that the trees are dead. Forested and 
buried swamps are numerous and great extent the alluvial 
plain below Red River, but their area has been diminished drain- 
age and the protection afforded levees. The buried swamps, sup- 
posed one time composed drifted vegetable matter, are 
known now situ. 

not always easy draw the line between delta deposits and 
those made flood plains, evident from Medlicott’s observa- 
tions the Indo-Gangetic region. studies portion 
the Siberian plain may taken complementary those 
Medlicott, for they show how widely coarse material may dis- 
tributed rivers. Leaving Ekaterinburg, reached the level, 
sandy region the steppe within miles and continued his journey 
east-southeast direction Ischim, tributary the Irtisch, 
where the steppe wall, feet high, composed sand without 
pebbles and partly cross-bedded. Thence Omsk the Irtisch, 
the plain monotonous but that city saw section showing 
feet the steppe deposit, which the sand, times cross- 
bedded, contained lines pebbles, none larger than cherry, with 
here and there broken shells Cyrena fluminalis. Omsk, 


Humphreys and Abbot, Physics and Hydraulics the 
Mississippi River,” 1876, pp. 45, 90, 92, 147, 673. 

Belt, “The Steppes Siberia,” Quart. Journ. Geol. Soc., Vol. 
XXX., 1874, pp. 490-498. 
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changed his course and ascended the river 253 miles Pavlodav. 
The numerous natural sections had the same structure and com- 
position Omsk, except that the pebbles increased number and 
size, becoming large walnut within 100 miles. The section 
the deposit Pavlodav 


Feet. 
Soil. 
Stratified red sand, with lines small gravel ................ 
Coarse, clean sand, with lines small pebbles and one line 
Clayey silt, not laminated; fragments bed rock the lower 


magnesian limestone. The river this place flowed 
the edge alluvial plain miles wide. crossed Pavlodav 
and travelled southwest seeking the source the pebbles. 
about miles from that city, his wheel jolted the first stone 
encountered during the ride nearly 1,000 miles. Thencefor- 
ward, angular fragments quartz were abundant and within 
short distance reached exposures crystalline rocks. Belt was 
inclined believe that ice had impounded the fresh water into 
lake, but Ansted had asked, whence came the water make the 
freshwater lake nearly 3,000,000 square miles, which the steppe 
deposits were laid down, and also, there had been the lake, what 
has become the water. conceived that, could 
imagine the vast flat territory Siberia with its mighty rivers facing 
south sub-tropical sea, would have something like the 
Carboniferous. Coal beds not indicate old lakes but continental 
areas, through which rivers meandered. 

Reference was made earlier page description 
conditions the Paraguayan region, but other writers have 
gone into more detail respecting some features requiring considera- 
tion here. says that vast area the Plata region 

Church, Argentine Geography and the Ancient Pampean Sea,” 
Rep. Brit. Assoc. Adv. Sci., for 1808, pp. 932-034. 


Ramsay, Physical Geology and Geography Great Britain,” 
5th ed., London, 1878, 139. 
Kuntze, Geogenetische Beitrage,” 1895, pp. 67, 68. 
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covered depth 100 feet with reddish-yellow semi- 
plastic earth, frequently marly with calcareous nodules, due 
percolation calcareous water from the rivers. stones 
pebbles are seen this deposit, but grows more sandy toward the 
west. Church believes that these Pampean deposits were laid down 
sea, 1,400 miles long and with area about 600,000 square 
miles, this being the region now drained the Paraguay and its 
tributaries, the Bermejo and Salado the west, and the 
Lourengo, Parana and Uraguay the east. this area would 
add about 115,000 square miles the northwest, now drained into 
the Amazon the Madeira River, the areas being connected 
narrow strait. This inland sea communicated with the ocean near 
the present outlet Rio Plata, but the area deposit ex- 
tended farther southward, almost the latitude Bahia Blanca. 
The Pampean beds have been displaced and made irregular some 
places, but they are undisturbed the southern portion this 
Gran Chaco region between the Bermejo and Salado Rivers. 
Church estimates the present area the muds about 400,000 
square miles and believes that they were deposited shallow water. 
The rivers are all very crooked, have very uncertain channels, 
times deserting the old course for new one several miles away. 
They frequently divide and subdivide break the plain into 
narrow but extensive islands. 

has described the central part the plain. The Ber- 
mejo River, entering from the west, 1,000 miles long but very 
tortuous, the distance direct line from its source the Paraguay 
River being not more than 450 miles. The speed miles 
per hour and enormous amount solid matter carried 
suspension—whence its name, “The Red.” flood time, 
almost liquid mud. The rainfall very heavy and the maxima are 
marked inundations covering immense areas the depth 
several feet. Areas subject inundation are characterized palm 
forests, and one may always see the trees dark line 
feet above the ground, marking the flood level. The surface layer, 


Kerr, The Gran Chaco,” Scot. Geogr. Mag., Vol. VIII., 
PP. 
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deposited the flood, divides during the dry season into pentagonal 
columns. Remedi, the same magazine for 1897, says that the 
Bermejo drops its heavy load, fills its channel and compelled fre- 
quently take new direction. Trunks trees, lodged the 
bottom, soon lead formation dams and diversion the 

The Chaco Oriental north from the Pilcomayo River, which 
enters the Paraguay near Asuncion, somewhat more than 100 miles 
above the mouth the Bermejo. This part the area was studied 
The Paraguay River, north from Asuncion, very 
near the highland the east, but west from the river the Chaco 
always low and the plain extends far inland the high table land 
Bolivia, which said fall off abruptly toward the east. The 
Chaco covered with water during heavy rains. Above the mouth 
the Bermejo, the region forested, but farther north are great 
areas with only scattered Carauda palms and other vegetation. 
lat. 21° 26’ 40” S., the river issues from gorge through rocky 
hills, which, toward the east, are well connected with the Brazilian 
highlands; but, west from the river, there seems series 
isolated hills rising from the Chaco, whose relation the Bolivian 
highlands unknown, the region has not been explored. Above 
this gap, known Fecho dos Morros, vegetation changes, the palms 
disappear and one sees only open grass land with bushes and 
forest fringe the river banks. These upper lands are covered 
almost wholly when the river, which rises feet, flood. All 
this flat country from Fecho dos Morros Villa Maria, distance 
400 miles, subject floods, which are greater toward the 
north. the mouth Sao the area flooded during 
high water not less than 150 miles wide. The whole labyrinth 
lakes, ponds, swamps and channels grassy plain, there being 
forests only near the river bank. more remarkable this 
respect than the Amazon flood plains, for even low water one 
fourth the area covered. When the river highest, the whole 

Smith Hatcher, Origin the Oligocene and Miocene 


Deposits the Great Plains,” Proc. Amer. Phil. Soc., Vol. XLI., 1902, pp. 
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region vast lake with floating grass and weeds, only few 
islands remain here and there, which wild animals find refuge. 

Near Bahia Blanca, just beyond the limits the Pampean 
deposits, found pebbles quartz the coast which must 
have travelled miles. The Tertiary beds Patagonia are capped 
conglomerate, extending northward from the Strait Magellan 
about 800 miles with average width 200 miles and average 
thickness feet. Its porphyry pebbles came from the Cor- 
dillera. The rock was derived from masses falling old coast lines 
and river banks. The country terraced, which leads Darwin 
see the phenomena the influence wave action the rising 
coast. describes graphically the clashing fragments they 
are driven along torrents flood. 


CONCLUSIONS. 


That sea ocean needed for accumulation thick sedi- 
mentary deposits has been long prevalent opinion among geologists. 
survival the period when observation within narrow areas 
provided warp fact filled with woof fancy, when 
cataclysms were thought the rule nature and modern conditions 
were believed exceptional the earth’s history. pervades 
geological literature that one, disputing the doctrine, very apt 
employ conventional phrases which concede it. When the study 
actual conditions had been prosecuted systematically, when phe- 
nomena great and widely separated areas had been ascertained 
and compared, became evident that the accepted doctrine was 
least defective. During quarter century, intimate study 
Quaternary deposits Europe and America, well detailed 
investigations physical geography—due largely the initiative 
Davis America and Penck Europe—has developed 
anew the conception that, great has been the work ocean forces, 
that land forces has been vastly greater. Ramsay saw for 
Siberia and Medlicott for India, the activities rivers conveying 
and distributing deposits far from the sea have brought about almost 


Darwin, Journal Researches,” New York, 1846. Vol. pp. 96, 
137, 138, 210. 
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inconceivably great results. Apparently the first distinct formula- 


tion the new presentation America was made simultaneously 


Barrell and each whom utilized phenomena the 
Appalachian basin illustration. Barrell’s elaborate memoir dis- 
cusses the subject all its phases and merits careful study. 
exhibits clearly the important part which river plains played the 
Appalachian history down the close the Carboniferous. Grabau 
lays stress the progressive overlap away from the source 
supply, which, when associated with other facts, becomes impor- 
tant element the argument. 

Study the facts presented the pages this memoir has 
forced the writer conclusion very different from that hoped for 
when this investigation was begun. 

The widespread horizontality the Coal Measures deposits, 
coarse and fine alike, recalls conditions observed the Siberian 
Steppe and other river regions. The folding the beds proceeded 
from common cause, lateral pressure applied the east. The 
violence plication decreases with notable regularity toward the 
west, until western Pennsylvania and Ohio, along line 
more than 100 miles, the folds become gentle that they can 
traced only close study. Dips more than one degree are 
unusual, while times and for considerable distances the dip 
barely one half degree. The same condition exists great 
part West Virginia. The regular decrease steepness the 
folds leads the belief that originally the beds were, all intents, 
horizontal throughout the basin, the condition being that observed 
the great river plains comparable extent. The rare occur- 
rence driftwood the widespread deposits characteristic not 
only the Coal Measures but also vast river deposits, those 
the Amazon, described Brown, and the Ganges described 
Medlicott and Lyell. The long narrow areas coarse pebbly 
sandstone, often with driftwood, recall the filled valleys the 
Sierra, described LeConte, well filled deserted bows the 


Barrell, Relative Importance Continental, Littoral and Marine 
Sedimentation,” Journ. Geol., Vol. 1906, pp. 337, 338, 530-541; 
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1906, pp. 635, 636. 
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Mississippi and the filled channels often disclosed when stream 
flood cuts across its bottom.” The distinct evidence sorting 
materials the red shales, where clay and sand are dove- 
tailing lenses, well some conglomerates, where hardly 
enough fine material remains bind the pebbles, leaves little room 
for doubt that the work was done streams moving rapidly 
some cases, slowly others. The pebbles are not flat, such one 
may find shore, but oval sub-spherical, river pebbles, and 
their gradual decrease size well number certain direc- 
tions shows that the materials were rehandled many times. The 
rounded pebbles coal and carbonaceous shale prove equally with 
those quartz and sandstone that the deposits, whence they came, 
cropped out and were exposed attack streams water. The 
marine limestones, with one exception, are definite, long, narrow 
and comparatively insignificant areas, and pass, the borders, where 
those remain for observation, into sandstone, chert shale, the 
condition being that estuary surrounded lowland, whose 
rivers bring minimum sediment. The shallowness the water 
which sediment was distributed and the short duration the 
flooding are disclosed wave marks, sun cracks and footprints 
animals, occurring many horizons, while the moderate depth 
the estuaries, which limestone was formed, apparent from 
the shore conditions the limestone. The testimony the fauna 
confirmatory; that life needed not deep water, for persisted 
the very shore line Ohio. Unconformability erosion 
overlap marks the contact Pennsylvanian with the underlying 
Mississippian almost the whole basin, showing that the great part 
was dry land. 

The record appears show that the Appalachian basin, between 
the Alps-like Appalachia the east and the low-lying Cincinnatia 
the west, was divided longitudinally the flat-topped and only 
moderately high Alleghania. The deepest portion the eastern 
valley lay close the foot Appalachia, whence the surface rose 
westward almost inperceptibly the crest Alleghania. The 
western valley extended plateau with its low line crossing eastern 
Ohio south-southwest direction and deepening southwardly. The 
thickness deposits the two valleys index the difference 
altitude the surface; the eastern valley coincident with the 
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ancient trough great subsidence, where deposits, throughout the 
attained great thickness and whence they decrease quickly 
toward the west. The assertion greater altitude for the western 
valley based absence all deposits earlier than those the 
latest New River the northern half the area. 

Each basin had its longitudinal river. That the east, rising 
the present confines New York, flowed with low gradient for 
more than 1,000 miles, receiving many tributaries from the bold 
Appalachia and many, perhaps, unimportant tributaries from the 
gentle slope the west. Flowing first close Appalachia, 
was pressed constantly westward alluvial fans and cones, which 
became confluent and finally were modeled into vast river plain. 
The main stream was sluggish and often interrupted; during high 
floods, the surface was covered broadly sheet water and the 
débris from different streams was mingled. The river the west- 
ern basin received tributaries from east west, 
except the extreme north; was more rapid than that the 
east and pushed its coarse materials far southward. Progressive 
overlaps show that subsidence prevailed throughout the basin until 
the later stages, when was confined the contracting area 
but was differential and not constant. There were long 
intervals slight movement during which rivers, reduced 
base-level, distributed mostly fine material along their lower reaches. 
the close the Pottsville, the valleys had been filled and Alle- 
ghania had become the whole area deposit was irregu- 
lar marshy plain. But the old drainage systems continued until near 
the close the Conemaugh and determined the lines sea invasion 
they disappeared only with changes the topography, induced 
the forces which were eventually obliterate the basin. During 
the whole the Pennsylvanian, very great part the basin was 
near sea-level. After the close the Pottsville, few portions the 
area deposition seem have been more than 300 feet above tide 
and there reason suppose that any portion was any time 
much more than 100 feet below tide. 

The writer has become convinced that one must seek explanation 
the phenomena the Appalachian basin those the great 
river plains modern times; and the phenomena the Appalachian 
basin are those coal regions elsewhere. 
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AUTOCOLLIMATING MOUNTING FOR CONCAVE 


HORACE CLARK RICHARDS. 
(Read April 20, 1912.) 


“For most spectroscopic problems Rowland’s concave grating 
almost ideal aid,” says Voigt recent Its focal 
property enables dispense with lenses mirrors, and avoid 
the accompanying aberration, absorption and scattering the light, 
and when once adjusted focus for all orders spectra. 
The usual form mounting, however, perhaps not quite ideal. 
large, perfectly dark room required, the apparatus heavy 
and cumbersome, else lacking rigidity, and what still more 
important some kinds work, the position and direction the 
emergent light change with each change wave-length. Moreover 
not readily adapted astronomical purposes. 

The theory the Rowland mounting well known. the 
source placed any point the circumference circle con- 
structed the radius the grating diameter, the plane 
perpendicular the ruling, the spectra will all brought 
focus points the same circle. these spectra Rowland 
selected that which was the center curvature the grating 
giving normal spectrum constant scale. The necessary con- 
ditions were insured placing the slit the angle rectangular 
track, along the two arms which moved the grating and the 
camera eyepiece, the connected rod the 
proper length (Fig. 1). easily seen that while the source 
fixed, the image displaced passing through the spectrum. 

avoid this objection, interchanged the slit and camera, 
and fixed the position the grating and camera and 

*W. Voigt, Phys. Zeits., 13, 217 (1912). 


Lewis, Astrophys. Jour., (1895). 
*W. deW. Abney, Trans., 177, 457 (1886). 


554 


1912.] RICHARDS—AUTOCOLLIMATING MOUNTING. 555 


mounted the slit arm pivoted the center the line join- 
ing them (Fig. 2). These methods however require the source 
light movable, which usually undesirable and some cases 
impracticable. suggested several arrangements over- 
come the difficulty, using auxiliary mirrors and more less com- 
plicated mechanism, but these involve additional adjustments and 
loss light. may added that the grating has also been used 


Fic. 


with parallel light astronomical work, but the aberration much 
greater than with Rowland’s 

The method here discussed briefly that autocollimation. 
That part the light used which after being diffracted re- 
turned toward the slit. therefore the slit Rowland’s circle, 
the spectrum will formed the same circle and one point 
will coincide with the slit (Fig. 3). The ingoing and outcoming 
beams may separated when necessary the usual reflecting 
prism, slightly tilting the grating. Thus double slit may 


Wadsworth, Astrophys. Jour., 370 (1895). 
Wadsworth, Phil. Mag. (6), 119 (1903). 
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used, the light being sent through one slit and returned through the 
other. The wave-length the light which returned through the 
slit given the formula 


sin 


where the distance between consecutive rulings, the angle 
made the light with the grating-normal, and the order the 
spectrum. follows that given angle the order twice that 
which produced the center curvature. 


Fic. 


The principle autocollimation has been often used with prism 
spectroscopes since was first suggested and 
was first used with plane grating Liveing and Dewar,’ and 
employed many recent grating spectroscopes. has however, 
far know, not been used with the concave grating, although 
one the chief objections this form mounting—the reflec- 

*See Kayser, Handbuch der Spectroscopie,” 511. 
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tion from the inner surface the collimating objective—would 
done away with. Perhaps the reason lies partly the fact that the 
focal length changes passing through the spectra, that not only 
the inclination the grating but also its distance from the slit 
must altered, and addition the focal plane inclined the 
direction the light angle which varies with the setting. 
Thus Fig. the normals the grating and the spectrum make 


Fic. 


the same angle with the light, and the distance between grat- 
ing and slit cos where the radius the grating. the 
inclination the grating altered, that the spectrum must 
altered equal amount, and the distance properly 


writing the above attention has been called article 
Eagle (Astrophys. Jour., 31, 120, 1910) describing autocollimating 
mounting for concave grating. The mounting has the disadvantages men- 
tioned, namely that the distance the grating and inclination the camera 
must separately adjusted for each angle incidence; disadvantages which 
sought overcome the mounting described this paper. The ad- 
vantages the autocollimating mounting are discussed length Mr. 
Eagle with conclusions similar those given here. 
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These adjustments however may automatically made the 
following manner. Rowland’s mounting, let the slit fixed 
(Fig. and the grating capable sliding along the line 
and also rotating about vertical axis passing through its 
center. Now two equal horizontal arms length p/2 pivoted 
and respectively and hinged together their other ends 
the grating-normal, the grating will keep the proper 
inclination slides along GS, for and are constrained 
remain the Rowland circle. This fact exactly equivalent 
one half Rowland mounting. Moreover, the camera 
mounted rotate about vertical axis through and the arm 
similarly attached normally the photographic plate, the plate, 
bent usual into the arc the proper circle, will continue fit 
this circle throughout its motion and the spectrum will focus 
all parts. 

practice the arms and would excessively long and 
inconvenient, and would tend bend the vertical axes and 
They could course balanced pair similar arms the 
other side, but the apparatus would then still more cumbersome. 
The same effect may however attained series links the 
pattern, the total length when open being equal the 
radius the grating (Fig. 4). The first and last link one side 
will correspond direction the arms and OS, and these are 
fixed normal the grating and plate respectively. obvious 
that either side may used, all the grating spectra become 
available. 

wooden model the apparatus has been constructed for use 
with six-foot grating, which exhibits the proposed arrangement 
and which spite its crudity renders excellent service. more 
efficient mount process construction. Sliding along hori- 
zontal track block carrying vertical pin which axis 
turn the ends the link motion and the platform for the grating. 
This latter may clamped any position either the adjacent 
link bars. one end the track fixed block with similar 
vertical axis. This axis carries the other end the linkage, 
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platform for the camera eyepiece, and support for the 
These pieces may rotate and the camera platform 
may clamped either bar. 

The linkage supported its intersection blocks which slide 
along the track. The arms one the parallelograms should 
adjustable length that the framework may exactly set the 
grating, and that gratings slightly different radius may 


used the same stand. The grating slider moved rod 
screw running the end the track near the slit, the only function 
the linkage being produce the necessary rotation. There 
therefore great stress the axes tending bend them. 


Rotation the slit convenient making the adjustments. 
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The grating and slit are provided with the usual adjustments 
and also may shifted their platforms until their centers fall 
exactly the axes rotation. The camera mounted its 
platform either side the slit preferably just above it, and 
may adjusted bring the plate into coincidence with the 
focal circle. the latter position used the grating must 
raised until its center horizontal plane midway between the 
slit and camera. For visual observations the plate holder may 
replaced eyepiece which may fixed mounted above the 
slit, placed one side kept directed toward the grating 
simple device. The slit provided with reflecting prism and 
made double that light may sent through one part and returned 
through the other. thus possible obtain monochromatic 
beam high purity which will sent always the same direction. 
The apparatus thus available for threefold use: spectro- 
graph, observing spectroscope, and monochromator and 
may arranged that alteration need made passing 
from one another these forms. 

The diagonal any parallelogram the linkage perpendicular 
the track proportional sin and therefore the wave- 
length. scale equal parts placed across any part the link- 
age perpendicular the track, (Fig. 4), will therefore give 
approximate measure the wave-length. Moreover properly 
selecting the points the bars across which the scale placed, any 
scale may adjusted read wave-lengths directly. more open 
scale may placed the track, but this will not one equal 
parts. 

everything supported one track, the apparatus may 
made quite rigid, and the same time, with the smaller gratings 
least, portable. will take much less space than the other 
mountings. also more convenient everything reach 
the same time from the end the track-source, slit, camera and 
handle for controlling the position the grating. There but 
one track make true, and the other adjustments are more 
difficult, and some cases much easier, than the Rowland 
mounting. very desirable feature that the slit, grating and 
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camera may connected light-proof bellows other en- 
closure, that the instrument may used undarkened room. 
This bellows may supported partly upon the blocks which carry 
the linkage. 

The only part the construction that may seem offer diffi- 
culty making the linkage true, but this should not prove seri- 
ous obstacle. All that necessary that the four arms each 
parallelogram shall equal length and that there shall 
play the joints, and should easily possible this with 
sufficient accuracy. may added that the linkage, though ex- 
tremely convenient, not essential. The grating may turned 
hand the angle corresponding the wave-length desired, and 
then moved along the track until the light focused the 
The camera may then rotated until the spectrum 
this way may possible use gratings much larger radius, 
and avoid the errors produced ruling surface too great 
curvature. 

The great compactness the mounting makes available for 
use astronomical spectroscopy, from which the concave grating 
practically barred when the Rowland mounting used. The in- 
strument may mounted upon telescope the prolongation 
its axis that the slit lies the focal plane the objective. 
the case star image the slit could dispensed with, and the 
astigmatism the grating would produce spectrum finite 
width. more rigid and more convenient arrangement would 
mount the guides for the grating upon the tube the telescope 
the side opposite the declination axis. The light could 
brought focus the objective the side the field nearest 
the slit and thrown upon the slit totally reflecting prisms. 
harm would done any possible astigmatism which would 
merely added that the grating, and slight irregularities 
driving would equally harmless. 

remains consider the character the spectra produced. 
The chief advantages Rowland’s mounting are that the spectrum 
normal and always the same scale, and that the plate per- 

This fact the arrangement described Eagle 
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pendicular the direction the light. the autocollimating 
mounting none these conditions are fulfilled. These disadvan- 
tages are shared all prism spectrographs. They are however less 
with the grating, and, matter great importance, the amount 
the variations may readily calculated and allowed for. 

The deviation the spectrum from normal one might seem 
serious objection, but matter fact the deviation much 
less than might thought. Thus plate the usual size, the 
maximum deviation from normal scale about one Angstrom, 
and when using comparison spectrum the maximum difference 
between the corrections for two lines say ten Angstroms apart 
would about one twentieth Angstrom. Moreover the 
deviation from the normal scale may accurately allowed for, 
being the form 


and being the distance the line question from the two 
lines selected establish the scale, and the wave-length which 
returned through the slit. This correction the same that 
necessary when using plane grating the autocollimating position. 

The varying amount dispersion objection some classes 
work, especially where plates are taken different regions 
the spectrum. The scale varies sec and therefore some- 
what larger than that the same order the normal mounting, 
especially when the angle large. Moreover, given direction 
the order the spectrum doubled and therefore the dispersion 
more than twice great. This important property the 
autocollimating mounting, since twice many orders are avail- 
able for observation. Thus with 15,000 grating, four complete 
spectra may observed instead only two. 

The inclination the photographic plate will sometimes 
more serious objection. Great care should taken its register. 
This objection somewhat weakened the increase the dis- 
persion with the inclination, that error due imperfect 
register proportional sin instead tan The error 
greatly reduced when using comparison spectra the same plate. 
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Finally the definition. gives for the greatest 
permissible length grating used the customary position—i. 
the length when the difference phase between the extreme rays 
amounts expression 


and the same formula holds for the autocollimating position. Com- 
paring the same order spectra see that less the 
second case (and therefore cot greater) the limiting length 
grating would greater; that given grating will farther 
from this limiting value and hence will have better definition. The 
grating fact the position minimum deviation, and the 
aberration equally divided between the incident and diffracted 
beams and therefore minimum. 

sum up: the mounting here described differs from the usual 
mounting for concave grating employing the principle auto- 
collimation. possesses the advantages the Rowland mount- 
ing having all spectra automatically focus, but differs from 
having greater compactness, convenience and rigidity. The 
adjustments are easier and the necessity dark room avoided. 
The definition the same order somewhat greater, and twice 
many orders may observed. The deviations the spectrum 
from the normal type are small and may accurately allowed for. 
The instrument may readily adapted work astronomical 
spectrography. 

UNIVERSITY PENNSYLVANIA, 
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THE OBJECTIVE PRISM. 


EDWARD PICKERING. 
(Read April 20, 1912.) 


Three methods may employed for studying the spectra 
the stars. First, the slit spectroscope. This the method most 
widely used. The light the star concentrated the slit 
the spectroscope, and the linear spectrum widened, necessary, 
cylindrical lens, moving the image the star. Secondly, 
the diffraction grating. the first method, the image 
the star concentrated the slit. But little use has been made 
this, and other diffraction methods studying stellar spectra, 
owing the great loss light. Third, the objective prism. 
prism small angle placed over the objective the telescope, 
and the image every star the field thus spread out into 
linear spectrum. Any desired width may given allowing the 
star traverse the plate slowly, parallel the edges the prism. 
This method cannot well applied reflectors, other tele- 
scopes large size, owing the size prism required. Another 
objection, the case reflectors, that the prism must placed 
far from the mirror that the definition injured. These diffi- 
culties may remedied the focal plane spectroscope, which 
the cone rays from the star rendered parallel concave 
lens, then passed through mirror, and brought focus 
convex lens. All the light falling large mirror may thus 
concentrated into small space, that the spectrum very 
faint star may photographed. But little use has been made 
this method, although appears have great possibilities. 

The principal advantages the objective prism are the small 
loss light, and the large number stars which may photo- 
graphed simultaneously. Also, that not necessary follow, 
when photographing star charts. The best authorities claim 
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that the entire light entering the telescope, less than one per 
cent. reaches the photographic plate, when slit spectroscope 
used. The proportion light transmitted the objective prism 
must least fifty times great. fact, the principal loss 
light from the absorption the objective. Consequently, far 
fainter stars can photographed with objective prism than with 
slit spectroscope, the difference amounting several magnitudes. 
Another great advantage the objective prism that the spectra 
all the stars the field the telescope can photographed 
simultaneously, while with slit spectroscope only one star can 
taken time. With the Harvard 8-inch doublet many three 
four hundred spectra are often photographed plate, includ- 
ing all stars the ninth magnitude and brighter, region ten 
degrees square. 

comparison spectrum cannot used with objective prism, 
and accordingly difficult obtain absolute wave-lengths, 
which are needed determine the motion stars the line 
sight. This constitutes the principal objection the objective 
prism. Various plans have been proposed remedy this difficulty, 
and how far they are successful will described another 
speaker. This does not affect the ordinary measures wave- 
lengths, hydrogen lines are present the spectra nearly all the 
stars, and since these lines are affected the motion, other lines 
can referred them. 

The first photograph the lines the spectra the stars 
was taken Dr. Henry Draper New York. 1886, Mrs. 
Draper established, the Harvard College Observatory, the Henry 
Draper Memorial, prosecute the study stellar spectra. The 
objective prism has been used almost exclusively this work. Two 
photographic doublets eight inches aperture have been mounted, 
one Cambridge, the other Arequipa, Peru. With these the 
entire sky has been covered many times. one plate more than 
thousand spectra were classified. The late Williamina Flem- 
ing, Curator astronomical photographs, from examination 
these plates, discovered several thousand objects having peculiar 
spectra. fact, probably few bright objects this class escaped 


her. the nineteen new stars, known have appeared during 
the progress this work, she discovered ten, and five more were 
found other observers here. this work also, the number 
stars the peculiar class known fifth type, has been increased 
from seventeen one hundred and eight. 

For more detailed study the bright stars, prisms have beer 
attached the 11-inch Draper Telescope Cambridge, and the 
13-inch Boyden Telescope Arequipa. Spectra the brightest 
stars have thus been obtained, six inches long, and half inch 
wide, showing least five hundred lines. Prisms twenty-four 
inches diameter have been used with the Bruce Telescope 
Arequipa, and sixteen inches diameter with the Metcalf Tele- 
scope Cambridge. The latest and largest investigation under- 
taken here, part the Henry Draper Memorial, catalogue 
giving the class spectrum hundred thousand stars the 
eighth magnitude and brighter, shown the photograph taken with 
the 8-inch doublets. The classification spectra used the Draper 
Memorial, has been accepted the superintendents the prin- 
cipal nautical almanacs their standard catalogue three thou- 
sand stars, and also the leading observatories. The preparation 
the catalogue mentioned above has been undertaken Mrs. 
Fleming’s successor, Miss Annie Cannon, who has devoted 
large part her time during the last fifteen years the detailed 
study stellar spectra. Her classification one thousand stellar 
spectra published Volume the Harvard Observatory 
Annals, occupied her for three years. complete, reasonable 
time, catalogue one hundred thousand spectra evidently re- 
quired the most careful study the methods scientific manage- 
ment.” first step, her contribution the work, which re- 
quired the greatest skill, was reduced from one hundred six per 
cent., the remainder being performed great piece routine 
work, less experienced assistants. The utmost care has been 
taken maintain the highest degree accuracy, the probable 
error the result for each star being about tenth one interval, 
corresponding four one-hundredths stellar magnitude. Miss 
Cannon now classifying five thousand spectra month, and has 
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already classified twenty-seven thousand spectra. The completed 
catalogue will fill four the quarto volumes the Amnals the 
observatory, about two hundred and fifty pages each, and will 
give the class spectrum nearly all the stars the eighth 
magnitude and brighter, besides many others. Some these are 
faint that they are not contained the Cape Photographic 
Durchmusterung. 

Dr. Draper thus placed our hands wonderful tool for ana- 
lyzing the stellar universe. His memorial furnishes not only 
permanent record print great extent, but, through the collec- 
tion photographs, will permit the future vastly greater 
number facts derived from them. 
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NOTES PLATES NOVA GEMINORUM 
TAKEN WITH THE BRUCE SPECTROGRAPH 
THE YERKES OBSERVATORY. 


STORRS BARRETT. 
(Read April 20, 1912.) 


1912, March 15. Displacement sharp and lines indicates 
velocity km. recession. This velocity does not differ greatly 
all the photographs. Many titanium lines are represented 
absorption lines displaced about toward the violet. The relative 
brightness the emission components the hydrogen lines 
compared with the continuous spectrum less than all subse- 
quent plates. 

March 21. The centers the bright bands are now toward 
the red, compared with March 15. Note the sharp 
bright line 4,526. second absorption band now accompanies 
each bright band. 

March 24. Shows marked increase intensity the second 
absorption band for each hydrogen line. 

March bright maxima may seen near the red edge 
the bright band. They are also present He. similar line 
near the beginning the bands more difficult see the print. 

March 30. There are two conspicuous bright maxima near the 
beginning the bright band and one two near the red edge. 
shoft-exposure plate April three conspicuous maxima 
are seen near the red edge and 

April and The hydrogen bands are concentrating their 
intensity toward the red edge. Note that there are two bright super- 
posed bands for each hydrogen line, one much longer and fainter 
than the other. This first indicated plainly March 29. The 
broad bright band 4,640 has been gradually gathering intensity. 


OBSERVATORY, 
Bay, Wis., 
April 18th, 


RELATIONS BETWEEN THE SPECTRA AND OTHER 
CHARACTERISTICS THE STARS. 


HENRY NORRIS RUSSELL. 
(Read April 20, 1912.) 


the student the stars, who attempts arrange our exist- 
ing knowledge such manner that some light may thrown 
upon the problems connected with stellar evolution, the spectral 
classification developed Harvard vital importance. 

such investigations, must deal, possible, not with single 
instances, but with representative averages for groups stars. 
But really representative averages are often much harder obtain 
than might supposed. Consider, for example, the actual bright- 
ness the stars. can find this only when know the dis- 
tance the star—and out the hundreds thousands stars 
which have been catalogued, know the distance barely five 
hundred. But even knew the exact distances the 6,000 
more stars which are visible the naked eye, would not have 
fair sample the general run stars. explain how this may 
happen, let suppose that there were only two kinds stars, 
one equal the sun brightness, and the other 100 times 
bright the sun, and that these were distributed uniformly 
through space, the proportion 100 stars the fainter kind for 
every one the brighter. visible the naked eye, star 
the fainter sort must lie within about light-years from the 
sun; but all the stars the brighter kind which lay within 550 
light-years would visible. would therefore searching for 
these stars throughout region space whose was 1,000 
times greater than that which our method selection limited 
picking out the fainter ones, and our list naked-eye stars 
would consequently contain ten stars the brighter kind every 
one the fainter—though could select instead the stars 
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contained given region space, would find the disparity 
100 the other way. 

therefore fortunate circumstance that the stars whose 
distances have been measured have for the most part been chosen, 
not account apparent brightness, but because relatively 
rapid proper-motion—which found experience fairly 
good indication actual nearness our system. These stars, 
therefore, represent mainly the sun’s nearer neighbors, without 
such egregious discrimination favor stars great actual 
brightness have seen must occur choose our stars 
apparent brightness alone. Some traces this discrimination will 
still unavoidable, for our knowledge the proper-motions the 
fainter stars still imperfect, and stops short little below the 
ninth magnitude. 

addition the stars whose parallax has been directly ob- 
served, have data for many more, which belong clusters 
whose distances have been found combining data regarding their 
proper-motions and radial velocities. this case too the absence 
proper-motion data (which decide whether not star really 
belongs the cluster) prevents from obtaining information 
about stars fainter than certain limit; but otherwise our knowl- 
edge probably fairly complete. 

the present discussion the relation between the spectral 
type and the real brightness the stars, those directly measured 
parallaxes have been employed which are confirmed the work 
two more observers, and also few results obtained single 
observers whose work known high accuracy, and free 
from sensible systematic errors. these have been added the 
members the Hyades, the Ursa Major group, the “61 Cygni 
group” and the moving cluster Scorpius discovered independ- 
ently Kapteyn, Eddington, and Benjamin Boss. The spectra 
very large number these stars have been determined Har- 
vard especially for this investigation, and the writer takes pleasure 
expressing his most hearty thanks Professor Pickering and 
Miss Cannon for this generous and invaluable aid. 

The actual brightness the stars may best expressed 
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means their “absolute e., the stellar magni- 
tudes which they would appear have each star was brought 
the standard distance light-years (corresponding parallax 
The absolute magnitude the sun this scale 
about 4.7. 

plotting these absolute magnitudes against the spectral types 
becomes immediately evident that most the stars belong 
series which the fainter members are redder than the brighter, 
while few outstanding stars each spectral class greatly exceed 
brightness those belonging this series (except for class all 
whose stars are very bright). existence these two series 
was first pointed out who has called them the 
very convenient names giant” and stars—the former 
being course the brighter. 

With the large amount material now available, especially for 
the dwarf stars, the results derived from the stars with directly 
measured parallaxes and from those the clusters are striking 


TABLE 


Stars with Measured Parallaxes. Stars Clusters, 


Number. Abs. Mag. Light. Number. Abs. Mag. Light. Abs. Mag. 


0.55 0.87 
0.46 0.50 
0.18 0.24 
0.01 


the above table, the quantity given under the heading Abso- 
lute Magnitude” the mean the individual values derived from 
the observed magnitude and parallax each star the corre- 


Zeitschrift fiir wissenschaftliche Photographie, Bd. V., 86, 1907. 


0.7 42. 0.5 50. 0.5 
A2-A5 1.9 1.7 17. 1.6 
3-6 2.9 3-3 3-7 3.8 
4.9 
6.0 
7.1 
8.2 
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sponding group (giving half weight few stars relatively un- 
certain parallax for the stars spectrum 
with directly measured parallaxes. this case the parallaxes are 
small that reliable value could obtained only taking the 
mean the observed magnitudes and parallaxes for the whole 
group. These stars are much greater apparent brightness than 
most those class and their actual brightness may 
greater than the average for the class. similar error samp- 
ling need suspected other cases, except for the faintest stars 
the clusters, where obvious going over the lists that only 
few the brightest stars class are above the limit mag- 
nitude which our catalogues stars belonging the clusters 
stop, and probable that some the fainter stars class are 
also excluded. 

With the exceptions just explained, the results the two inde- 
pendent determinations from the measured parallaxes and the 
clusters are remarkably good arrangement, considering the small 
numbers stars many the groups. The absolute magni- 
tudes stars the same spectral class different clusters are 
equally good agreement. The relation between absolute magni- 
tude and spectral type appears therefore independent the 
origin the particular star group stars under consideration. 

This relation seems very nearly linear, shown the 
last column Table I., which gives for each spectral type 
absolute magnitude computed the formula 


interest this connection remember that the difference 
the visual and photographic magnitudes the stars also nearly 
linear function the spectral type. 

The individual stars each spectral class are remarkably simi- 
lar real brightness. Excluding those for which the parallax 
spectrum considerably uncertain, there remain all 218 stars. 
these only 11, per cent. the whole, differ more than two 
magnitudes absolute brightness from the value given the 
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formula for the corresponding spectral class, while 150, per 
cent., have absolute magnitudes within one magnitude the com- 
puted value. 

The series stars far discussed does not however comprise 
all those the heavens. Most the stars the first magnitude 
have small parallaxes, and are great absolute brightness; and 
study proper-motions shows the same true the naked- 
eye stars general. follows that there exists another series 
stars, great brightness, differing relatively little from one spectral 
class another. These stars can seen enormous dis- 
tances, and consequently form wholly disproportionate part the 
stars visible the naked eye, has been explained above. The 
illustration there given greatly understates the actual situation for 
the redder stars. The dwarf stars class for example, are 
faint that not one them visible the naked eye (though one 
them the second nearest star the heavens), and the 
naked-eye stars this class are all giants.” 

Relatively few these giant stars are near enough for reliable 
measures parallax, and even for these safer take the mean 
observed parallaxes and magnitudes groups stars, diminish 
the effect errors observation. Confining ourselves before 
parallaxes determined two more observers, observers 
high accuracy, the existing data may summarized follows. 


TABLE 


MAGNITUDES GIANT STARS. 


Stars with Measured Stars Clusters. 


Corresponding. Mean 


Num- Mean Mean 
Abs. 


Spectrum. 


2.2 
AtoG 0.8 


(Antares) 


The stars class are repeated here, since they may re- 
garded belonging either series. 


q 

.033 —1.6 350 
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Here again the stars whose parallaxes have been directly meas- 
ured have been selected account their apparent brightness, and 
are probably brighter than the average all the giant stars. Indi- 
vidual stars are some cases still brighter; for example, Antares, 
which clearly shown its proper-motion and radial velocity 
belong the moving cluster Scorpius, with parallax about 
and hence must fully 2,500 times bright the sun. 
Canopus and Rigel, whose parallaxes are too small measure, are 
probably equally bright brighter. Whether there are many more 
stars such enormous luminosity, and, general, whether the 
giant stars given spectral class resemble one another bright- 
ness closely the dwarf stars do, cannot determined from 
existing data, least the kind considered here. 

The giant and dwarf stars are fully separated only among the 
spectral classes which follow the solar type the Harvard classi- 
fication. For class the two series are intermingled, and even for 
class where the average brightness the two differs four 
magnitudes, would difficult say whether star absolute 
magnitude near 1.0 should regarded unusually faint giant 
star unusually bright dwarf. From class onward, the 
reality the separation into two groups unequivocally indicated 
the observational data. 

practical application the principles just developed, 
may consider the question the distance the Pleiades, prob- 
lem far practically unsolved. 

The spectra the fainter stars which are known belong 
the cluster have been determined Harvard, through the kindness 
Professor Pickering and Miss Cannon. They exhibit very con- 
spicuous relation between apparent magnitude and spectral type, 
shown the first four columns Table III. 

These stars evidently belong the series dwarf stars. The 
relative brightness the different spectral classes good agree- 
ment with that previously found, except that the stars class 
the Pleiades appear exceed those class brightness 
much those class among the stars previously 
studied. 
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TABLE III. 


6.85 
7.08 7.0 0.5 6.5 0.0050 
8.00 8.0 6.3 0.0055 

8.88 8.9 2.5 6.4 0.0052 
9.43 9-4 (5.8) (0.0066) 


The fifth column the table gives the mean absolute magni- 
tudes previously found for stars similar spectral type other 
clusters (choosing the brighter half those class and few 
the brightest stars class since evident that the limita- 
tion stars above given magnitude compels similar choice 
the Pleiades). From the differences between the observed and 
absolute magnitudes, may compute the distances which 
group stars similar those already studied must removed 
order appear equal average brightness the stars the same 


spectral class the Pleiades. The hypothetical parallaxes 


tained are given the last column the table. With the exception 
that derived from class they are extraordinary agreement. 
they are treated independent determinations the parallax, 
equal weight, the resulting mean 0.”0063 0”.0006, corre- 
sponding distance 500 light-years. 

This estimate the distance the Pleiades depends upon the 
assumption that, when find this cluster the same relation be- 
tween the relative brightness the stars different spectral classes 
that exists elsewhere, wherever the real brightness the stars can 
investigated, the absolute brightness for each spectral class 
also approximately the same elsewhere. This assumption made 
decidedly probable the fact that undoubtedly holds true for the 
stars the four clusters whose distances are known, and for more 
than 100 other stars not belonging clusters, with serious 
exceptions. should however remembered that account has 
been taken possible absorption light space, and that there 
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are unusually few very faint stars the region the Pleiades, 
which has been explained the result partial opacity the 
nebulosity surrounding the cluster. Some this nebulosity pre- 
sumably lies between and the stars the cluster, and cuts off 
part their light, which would make the distance computed 
the assumption that there was absorption come out too great. 
such absorption exists, should possible determine its 
amount, and allow for it. 

obvious interest inquire what other respects besides 
brightness the giant and dwarf stars the same spectral class 
differ from one another. One line approach furnished the 
visual binary stars. well known that, when the orbital ele- 
ments and apparent brightness binary pair are given, can 
find what Professor Young calls the candle-power per 
exactly, the ratio where the combined light the pair, 
and the combined mass—without knowing the parallax. The 
writer has recently that this principle can extended 
simple statistical methods the stars known physically 
connected whose orbits cannot yet computed. this way about 
350 stars have been investigated, and found that they fall into 
two series, similar all respects the giant and dwarf stars,— 
one marked high luminosity per unit mass, nearly the same 
for all spectral classes, and the other small luminosity per unit 
mass, diminishing very rapidly for the redder stars. means 
the parallactic motions these groups stars, approximate 
estimate can made their distances, absolute magnitudes and 
masses, with results which may summarized follows. 


TABLE IV. 
Mean MAGNITUDES AND BINARY STARS. 


Giant Stars. Dwarf Stars. 
Number. Abs. Mag. Mass. Number. Abs. Mag. Mass. 

9.0 0.8 


Science, S., vol. 34, 524, 1910. 
*From directly measured parallaxes. 
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The mean absolute magnitudes agree almost perfectly with those 
already derived for other groups stars, showing that have 
come again upon just the same giant and dwarf stars still dif- 
ferent way. The computed masses, although subject errors 
which may some cases great per cent., show that the 
brighter stars are more massive than the fainter, but that the dif- 
ferences mass are small compared with those luminosity. 

may farther with the aid the information regarding 
stellar densities which can obtained from the eclipsing variables, 
which are mostly classes and The average density the 
eclipsing variables class about one seventh the Sun’s 
density. may therefore estimate that typical star the class, 
with seven times the sun’s mass, between three and four times the 
sun’s diameter, and has about times his superficial area. But 
have already found that such star, the average, gives out more 
than 200 times much light the sun. Hence its surface bright- 
ness must about times great that the sun. the 
same way found that stars class must exceed the sun 
five-fold surface intensity. the other hand, the faint stars 
classes and give off the average about 1/100 the sun’s 
light, with masses exceeding half the sun’s. Even they were 
dense platinum, their surface brightness could not exceed 1/15 
that the sun. 

This diminution surface brightness with increasing redness, 
which has been proved exist among the dwarf stars, obvious 
agreement with the hypothesis (now well established spectro- 
scopic grounds) that the principal cause the differences between 
the spectral classes found differences the effective 
surface temperatures the stars; and the numerical results here 
obtained are good agreement with those computed Planck’s 
formula from the effective temperatures derived Wilsing and 
Scheiner from their study the distribution energy the 
visible spectrum. 

That the same law diminution the surface brightness with 
increasing redness holds true among the giant stars highly prob- 
able, for giant and dwarf stars the same spectral class are almost 
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exactly alike color and spectrum. this true, the giant stars, 
which are nearly equal mass and brightness for all spectral types, 
must decrease very rapidly density with increasing redness. 
the relative surface brightness classes and given 
above, easy show that the average density the giant stars 
class must about 1/40 those class about 1/250 
the sun’s density, and that the density the giant stars class 
must average only about 1/15,000 that the sun. There 
escape from this conclusion unless assume that the relation 
between spectral type and surface brightness radically different 
for the giant and dwarf stars, spite the practical identity 
the lines their spectra and the distribution energy the con- 
tinuous background. 

The nature the connection which class forms between the 
two series now evident. all the stars are arranged order 
increasing density, the series begins with the giant stars class 
runs through the giant stars class and then, with still in- 
creasing density, through the dwarf stars, past those which 
closely resemble the sun, the faint red stars. 

This arrangement striking accordance with the theoretical 
behavior which mass gas, stellar order magnitude, might 
expected exhibit left its own gravitation and radiation, 
very low initial density. While the density remains low, the 
ordinary “gas laws” will very approximately obeyed, and, 
accordance with Lane’s law, the temperature must rise order that 
the body may remain equilibrium its radius diminishes. 
first the central temperature increases inverse ratio the radius, 
and that the radiating layers near the surface also rises, though 
more slowly (because see less deeply into the star becomes 
denser). the density the gas increases further, must become 
more difficultly compressible than the simple gas laws indicate; and 
internal equilibrium can maintained with smaller rise tem- 
perature after contraction. The temperature will finally reach 
maximum, and the star, now very dense, will cool last almost like 
solid body, but more slowly, for contraction will still take place 
some extent, and supply heat replace much that lost 
radiation. 
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The highest temperature will attained density for which 
the departures from the gas laws are already considerable, but prob- 
ably long before the density becomes great that water. 

The density the stars classes and (which all lines 
evidence show the hottest) actually found average about 
one fifth that water, that is, just the order magnitude pre- 
dicted this theory. appears therefore good working 
hypothesis that the giant and dwarf stars represent different stages 
stellar evolution, the former, great brightness and low density, 
being stars effectively young, growing hotter and whiter; while the 
latter, small brightness and high density, are relatively old stars, 
past their prime, and growing colder and redder. The stars class 
and probably many those class well, are the prime 
life, and form the connecting link between the two kinds 
red stars. 


PRINCETON UNIVERSITY OBSERVATORY, 
May 25, 1912. 
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SOME FORMER MEMBERS THE AMERICAN 
PHILOSOPHICAL SOCIETY. 


THOMAS WILLING BALCH. 
(Read April 18, 1912.) 


The American Philosophical Society, the oldest learned society 
this side the Atlantic, and one the most ancient the world, 
was fortunate its founder double sense. Franklin was not 
only man much learning and active his advancement 
“useful knowledge,” but also embodied his own career the 
three classes men from which most our membership has been 
recruited since the founding this society, whether take 
begin with the founding the Junto 1727, Ponceau 
ably whether place late 1743. Franklin 
was statesman, his activites Paris and London and here 
Philadelphia sufficiently attest.2 was scientist, his numerous 
scientific discoveries prove, and was man letters, his papers 
abundantly the treaty negotiated 1785 Franklin for 
America with the then small kingdom Prussia, two members the 


Rosengarten, The American Philosophical Society,” Phila- 
delphia, 1900, pp. 13-14. 

1780, before the adoption the Constitution the United States 
and when Pennsylvania was still independent State war with Great 
Britain, the General Assembly Pennsylvania granted most liberal charter 
the Society which contains the following unique provision: 

“That shall and may lawful for the said Society their proper 
officers, all times, whether peace war, correspond with learned 
Societies well individual learned men, any nation country, upon 
matters merely belonging the business the said Society, such the 
mutual communication their discoveries and proceedings Philosophy 
and Science; the procuring books, apparatus, natural curiosities, and such 
other articles intelligence are usually exchanged between learned bodies 
for furthering their common pursuits; Provided always, that such corre- 
spondence the said Society all times open the inspection the 
Supreme Executive Council this Commonwealth.” 

The society possesses seventy-eight per cent. Franklin’s known papers. 
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brotherhood nations agreed abolish privateering between them- 
selves. that early step looking free humanity from legalized 
sea pirates Franklin aided inaugurate that aim our American 
diplomacy that for century and quarter has pressed—and not 
without success, either—towards greater and greater immunity 
from capture private property the high seas with resulting 
advantages all And all three these classes 
men represented the founder the society himself, the society 
has upon its rolls, great and honored names. 

statesmen, George Washington was member the Amer- 
ican Philosophical Society. When the usual course events, his 
death was announced, the society adopted resolution directing its 
members wear crape their left arm for thirty days, mark 
respect, and commissioned Gilbert Stuart paint his portrait 
for its hall. This portrait replica still hangs the hall the 
society, and since the society corporation, the picture one 
the very few still the possession its original owner. Thomas 
Jefferson, who was twice president the Union, not only can 
claimed member, but also our president for number 
years. Not the least the services that Jefferson rendered 
mankind was the work that did advance the law neutrality 
liberal and enlightened way. For, the distinguished British 
international jurisconsult, Mr. Westlake—the holder for twenty 
years the Whewell chair Cambridge University, and ex- 
judge The Hague International Court pointed 
out his treatise International the position that Jeffer- 
son secretary state Washington’s administration took the 
rules the law nations involved the efforts the young 
American republic maintain its neutrality during the war then 
progress between Great Britain and France, the two most powerful 

Wheaton, edited Dana, “International Law,” Boston, 
1866; Emile Laveleye, respect propriété privée sur mer temps 
guerre” (Revue Droit International), Brussells, 1875; John Westlake, 
Law,” Cambridge University Press, 1907; Ernest Nys, “Le 
Droit International,” Brussells, 1904-6; Les Etats-Unis Droit des Gens,” 
Brussells, 1908; Louter, Het Stellig The Hague, 1910. 


John Westlake, International Law,” Cambridge University Press, 1907, 
Volume II., pages 
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nations that day Europe, exercised powerful influence towards 
shaping the law neutrality to-day. Jefferson took ad- 
vanced ground, both with France and Great Britain, many the 
questions that arose that time. And the principles for which 
then contended, several them then hardly thought of, much less 
universally recognized, nations, have the course century 
become gradually imbedded into the acknowledged law 

Grover Cleveland, too, who stood immovable Gibraltar be- 
tween nation crazed generation vicious financial legislation 
and the disasters and burdens debased currency into which 
wished plunge with the blind hope curing the ills from which 
suffered, made third our members whose fame great 
president the United States has reached the uttermost parts 
the earth. Many other notable political men who have helped 
shape the history our country were members, such men John 
Dickinson, Albert Gallatin, John Adams, Alexander Hamilton, 
Thomas Willing, Robert Morris, Charles Thomson, Francis Light- 
foot Lee, DeWitt Clinton, John Quincy Adams, Alexander James 
Dallas, George Mifflin Dallas, Manasseh Cutler, Charles Jared In- 
gersoll, Nicholas Biddle, Robert Winthrop, Thomas Francis 
Bayard and Carl Schurz. foreigners who led active and 
important political lives many have been members: such men the 
Count Vergennes, the Marquis Fayette, George Douglas 
Campbell, Eighth Duke Argyle, and William Ewart Gladstone, 
the latter two whom both made their mark the world letters. 

have had among our membership few representatives 
the Fine Arts. And this group gratifying the local pride 

The society fortunate possessing original imprint the Declara- 


tion Independence well draft copy the declaration Jefferson’s 
own hand, and many manuscripts Indian vocabularies, most them 
collected Jefferson. 

Dr. Holland possesses the diploma that the Royal Physical Society 
Edinburgh—which was instituted 1771 and confirmed royal authority 
1788—awarded Edinburgh April 12, 1799, Thomas Jefferson when 
that society elected him Honorary Fellow. the diploma Jefferson 
addressed President the United States, though was really Vice- 
President. that time the Vice-President was the man who received the 
second highest vote, and was the custom abroad address the Vice- 
President President. 
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the home our society that the first admitted our ranks was 
Pennsylvanian birth, Benjamin West. was elected June 
10, 1768. the generosity Colonel Joseph Shippen, himself 
member this society, who served under General Forbes the 
capture Fort Quesne (1758), Andrew Allen, and the kind aid 
other friends, West, after studying this country, was enabled 
study Europe. Before his death, West had the pleasure 
knowing that had gained international reputation. Another 
painter who was fellow member, John Trumbull, commissioner 
appointed Washington act under Article VII. Jay’s Treaty 
the settlement claims American citizens against Great 
Britain, has left America many historic canvas. Charles Wilson 
Peale and Robert Edge Pine were both elected July 21, 1786. Peale 
was the founder the Pennsylvania Academy the Fine Arts, 
which another our members and leading citizen Philadelphia, 
George Clymer, signer the Declaration Independence, was 
chosen 1805 the first president. Robert Edge Pine, the son 
John Pine, artist distinction, was born London, and died 
Philadelphia, November 19, 1788. won the first prize 
1760 £100 offered the society for the encouragement the 
arts for the best historical picture presented that year, his Sur- 
render Calais,” with life size figures, and two years later gaining 
another prize with his picture Reproving his Courtiers,” 
Pine rose into prominence. painted portraits John Wilkes, 
David Garrick and other well-known men the day Great 
Britain. About 1782 1783, Pine brought his family over 
America. had letters introduction Francis Hopkinson, 
whose portrait painted. Hopkinson wrote Washington intro- 
ducing Pine and asking the general sit the latter for his por- 
trait. This brought out from Washington the famous “In for 
penny, for pound” letter. However, Washington sat for Pine, 
and the resulting portrait was engraved for Irving’s Life Wash- 
ington.” July 17, 1835, Thomas Sully, another portrait painter 
and Philadelphian, was elected member. The portrait Thomas 
Jefferson, which belongs the society, who sat yonder chair 
when drafted the Declaration Independence, owe Sully’s 
PROC. AMER. PHIL. SOC., LI, 207 PRINTED JAN. 1913. 
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brush. And you look upon the features the third American 
President that hangs upon the south wall this room, rendered 
posterity Sully, you not notice the marked resemblance 
another Jefferson who was easily the prince the American comic 
stage and also author mean John Sartain, 
the engraver, was member. this group must not forget 
add representative the Fine Arts the French architect, 
Viollet-le-Duc. was the author Cathe- 
and the reign Louis Napoleon, Viollet-le-Duc did good 
work for the preservation and restoration many the archi- 
tectural treasures France. restored the justly famous feudal 
castle Pierrefonds, once the property the Duc d’Orleans, and 
arranged for the preservation the yet greater feudal stronghold 
Coucy-le-Chateau, whose lords boasted their power the 
famous motto: 
“Roi suis, prince, duc, comte aussi, 
Suis sieur Coucy.” 

famous jurists have had John Jay, first Chief Justice 
the Supreme Court the United States, and negotiator Jay’s 
Treaty (1794); John Marshall and Roger Brooke Taney, who both 
have sat that same chair; Justice Bushrod Washington, who sat 
that same high tribunal; Robert Livingston, first chancellor 
New York, and Lord Coleridge, Chief Justice England. So, 
too, Thomas McKean, signer the Declaration Independence 
and Chief Justice the Supreme Court Pennsylvania, and 
Edward Shippen, McKean’s successor chief justice this com- 
monwealth, were members. likewise, William Ship- 
successor, the highest judicial office the state, was elected 
member and also president the society from 1824 until his death 
three vears later. Horace Binney, who won for the city Phila- 
delphia the Girard will case, was member; and also James 
Carter, for many years the acknowledged leader the American 
bar, and Edward Phelps, minister the court St. James. The 
latter two were our leading counsels the Bering Sea Fur Seal case 
with the British Empire 1893. 


Jefferson’s Autobiography,” New York, 
*See eulogium, appendix Sargeant and Rawle. 
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Another man make his mark jurist and the same time 
the world letters, who filled the presidential chair this so- 
ciety, was Peter Stephen Ponceau. His picture Sully hangs 
there the northern wall. Born the Isle off the western 
coast France, June 1760, Pierre Etienne Ponceau came 
America 1777 secretary Baron After the war 
was over, Ponceau studied law and was admitted the Phila- 
delphia bar 1785 and made his mark that profession. the 
year 1810 published this city translation under the title 
Treatise the Law War,” the first book Cornelius van 
and introduction distinguished alike for style and 


Dunglison, M.D., Public Discourse Commemoration 
Peter Ponceau, LL.D., late President the American Philosophical 
Society, delivered before the Society pursuant appointment, the 25th 
October, 1844,” Philadelphia, 1844; Ernest Nys, Etats-Unis Droit 
des Gens,” Brussels, 1900, page 147. 

translated into English two other books treating two phases 
international law. Neither has even been the manuscript transla- 
tions are now the possession the society. One, entitled the 
Neutrality,” was translated from the German translation the original work 
the Abbé Galiani that was published Italian Naples De’ 
doveri de’ principi neutrali verso principi guerreggianti, questi verso 
neutrali libri due.” The other, “On the Freedom the Seas,” transla- 
tion Gerard Raneval’s liberté des Mers,” published Paris 
1811. Ponceau the society also indebted for the possession 
copy John Selden’s Mare London, 1635-36. From him also 
received copy Richard Zouche’s small book that first appeared 1650, 
entitled judicii fecialis, sive, Juris Inter Gentes, 
Eodem Explicatio, qua, pacem bellum inter deversos principes, aut 
populos spectant, historico-jure-peritis, exhibentur.” This little 
book very likely the first manual the positive Law Nations and 
rare. 

Zouche was probably the first writer who deliberately used the name 
Jus Inter Gentes designate science which until that time had been name- 
less. This collection words,” Dr. Holland says, indeed, occurred, 
were accidentally, here and there the pages earlier writers, such 
Victoria, Vasquez, Saurez and Grotius.” 1716, the Chancellor d’Aguesseau 
advised his son study “ce qu’on appelle Droit des Gens, ou, pour parler 
plus correctement, parceque nom Droit des Gens autre sens, 
Droit entre les Nations.” Jeremy Bentham his Principles 
Morals and Legislation coined the term International Law calculated 
express, more significant way, the branch the law which goes 
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Ponceau’s mental horizon was wide, and wrote many and 
various subjects. the year 1815 took important part the 
organization historical committee this society. first 
proposed such committee 1811. And was result this 
committee probably that the Historical Society Pennsylvania 
was Among the members this committee was William 
Thomas, the founder 1812 the American Antiquarian Society 
Worcester, Massachusetts, the Abbé Correa Sarra, David 
Rawle, subsequently the first president the Historical Society 
Thomas Jefferson, Alexander James Dallas, Isaiah 


commonly under the name the Law Nations.” Thus Bentham trans- 
lated Zouche’s term Jus Gentes into modern English from which has 
come the equivalents such Droit International, Diritto Internazionale, 
Derecho Internacional, etc., other languages. See Dr. Holland’s edition 
Zouche’s Jus Inter Gentes” the Classics International Law,” edited 
James Brown Scott, Washington, 1911. 

proceedings the American Philosophical Society for the 
Promoting Useful Knowledge, 1744 1838,” Philadelphia, 1884, page 

21. (Patterson; and eight others.) 

Historical Committee: 

Resolved, the motion Mr. Ponceau, that committee 
appointed report and devise plan for organizing committee branch 
this Society for making researches into and collecting materials for the 
History the United States and Pennsylvania particular any other 
plan for accomplishing the same object. 

Resolved, That the Board Officers the Committee report 
one 

Transaction the Historical and Literary Committee the American 
Philosophical Society, Philadelphia, 1819, Vol. pages meeting 
the American Philosophical Society held Philadelphia for promoting 
useful knowledge, March 17, 1815. 

Resolved, that seventh committee added the six already estab- 
lished the twelfth fundamental law, denominated Committee 
History, Moral Science, and General 

The other six committees were: 

Geography, Mathematics, Natural Philosophy and Astronomy. 

Medicine and Anatomy. 

Natural History and Chemistry. 

Trade and Commerce. 

Mechanics and Architecture. 

Husbandry and American Improvements. 

1843 the Historical and Literary Committee published its third volume. 
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Hosack New York, William Short Virginia, John Sargeant, 
William Tilghman, Thomas McKean, Charles Ingersoll, Nicholas 
Biddle and Caspar Wistar. Ponceau may therefore consid- 
ered have been, with William Rawle and others, one the 
founders the Historical Society 

result this committee, Ponceau prepared work 
the General Character and Forms the Languages the Amer- 
ican that read January 12, 1819, and which was printed 
the Transactions the committee. This work added the 
author’s reputation. June 1821, delivered before the 
American Philosophical Society the annual address, taking his 
subject the Early History Among many other 
writings, gave 1834 address before the Law Academy 
Philadelphia, which was then provost, the Constitution 
the United States,” which French translation was published 
three years afterwards Paris. The next year the Royal 
France crowned his work French the grammatical lan- 
guages the Lenni-Lenape and some other North American Indians 
with the Prix the second December, 1836, 


Ponceau’s will this interesting passage occurs: 

“The Historical Society Pennsylvania danger perishing for 
want support. While almost every other State has historical society, 
shall said that Pennsylvania wants one? Under the auspices its 
illustrious founder, William Rawle, has produced interesting and valuable 
memoirs: the honor the State requires that the work should continued. 
recommend them increase the number their members, and, perhaps, 
raise the annual subscription five distinguished member 
the Bar and accustomed sift evidence, scholar, antiquary, himself 
one the principal participants the foundation the Historical Society 
and its second President (1837-1844), Ponceau writing the above 
quotation probably knew whereof wrote. Besides man does not write 
anything his will without careful consideration. See Robley Dunglison: 
Public Discourse Commemoration Peter Ponceau, LL.D., 
late President the American Philosophical Society, delivered before the 
Society pursuant appointment, the 25th October, 1844.” Published 
the Society, Philadelphia, 1844, page. 23. 

Mémoire sur grammatical des langues quelques nations, 
indiennes Nord; ouvrage qui séance publique annuelle 
Royal France, mai, 1835, remporté prix fondé par 
comte Volney: par Ponceau, LL.D.,” Paris, 1838. 
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Ponceau read before this society long paper The Nature and 
Character the Chinese System Writing,” which was printed 
1838 the second volume the Transactions the Historical 
and Literary 

Besides being president the American Philosophical Society 
from 1827 1844, period seventeen years, Ponceau was 
president the Historical Society Pennsylvania from 1837 
1844, provost the Law Academy Philadelphia from 1821 
1844, chancellor the Law Association Philadelphia from 1836 
1844, and the president the Philadelphia for more 
than sixty years. Ponceau was elected result his literary 
labors corresponding member many learned societies both 
home and abroad, such the American Antiquarian Society (1813), 
the Massachusetts Historical Society (1818), the New York His- 
torical Society (1819), the American Academy Arts and Sciences 
Boston (1820), the French Institute (1827), the Royal Academy 
Turin (1829), the Academy Inscriptions, Belles-Lettres, His- 
tory and Antiquities Sweden (1831), the Academy Sciences 
and Belles-Lettres Palermo (1837), and many more that attest 
the high regard which his work was held scholars the world 
over. addition, Harvard, the oldest American universities, 
conferred 1820 upon this scholar who was learned the law the 
degree Doctor Laws, honoris causa. 

Two sovereigns were members this society, Joseph Bonaparte, 
who was designated the list members Joseph Count 
King Spain, from 1808 1813; and Louis Philippe, 
King the French from 1830 1848. The former these royal 
exiles presented the society Etruscan vase. 

Anthony Wayne, the victor Stony Point, and whose equestrian 
statue now mounts guard Valley Forge, was chosen member 
between April 16, 1779, and January 19, 


Dissertation the Nature and Character the Chinese System 
Writing, letter John Vaughan, Esq.,” Peter Ponceau, LL.D., 
Philadelphia, 1838. 

Whitaker Pennypacker, Pennsylvania American History,” 
Philadelphia, 1910, pages 30, 208. 
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George Gordon Meade, Pennsylvania, commander the 
Army the Potomac, who held the supreme command for the 
Union during the three days’ battle where the flood 
tide the Confederacy was halted and forced ebb, was elected 
member 1871. 

Charles Wilkes, New York, the discoverer Wilkes Land 
East who announced disbelieving world that 
the Antarctic there was land continental size, was also 
member. Like Meade, the hero Gettysburg, the fame Com- 
modore Wilkes circled the globe, when early the Civil War, Cap- 
tain Wilkes, then was, command the San Jacinto, took 
from the British mail steamer Trent, Messrs. Mason and Slidell, two 
southern “gentlemen who were their way 
Europe try represent the Confederate States respectively 
the courts St. James and the Tuilleries. Wilkes’s bold action 
almost caused war between this country and Great Britain, that 
was averted only the prompt surrender the Confederate 
voys” Great Britain. That act established the rule interna- 
tional law, that the representatives belligerent neutral 
power when navigating the high seas under neutral flag cannot 
captured. the time, the action Wilkes was condemned gen- 
erally outside the United States flagrant breach the law 
nations, and none more than distinguished British publi- 
cists such Montague Bernard and Sir William Vernon-Harcourt, 
The passage time, however, has brought out 
proof, through the then British Premier, Lord Palmerston, that 
the opinion the best international legal advisers that time 
the British crown—Sir William Atherton, Attorney-General, Sir 
Roundell Palmer, Solicitor General (afterwards Lord Selborne) 
and (afterwards Sir Robert) Phillimore, counsel the Admi- 
ralty—Captain Wilkes had acted according international law 
upheld practice Great Britain herself less authority 


Pennsylvania History and Biography, Philadelphia, 
pages I-40. 

Edwin Swift Balch, Antarctica,” Philadelphia, 1902; Why America 
should Re-explore Wilkes Land,” Proceedings American Philosophical So- 


ciety, 1909. 
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than the celebrated expounder and architect maritime law—Sir 
William Scott, later Lord 

The Rev. Charles Magnus von Wrangel, the Church 
Sweden, was member. Bishop Wrangel was born Sweden 
about 1730, and was descended from Karl Gustaf, Count Wrangel, 
general the Thirty Years’ War, who served under Gustavus 
Adolphus and Bernard Saxe-Weimar. Educated and 
the University Upsala, Wrangel received 1757 from the Uni- 
versity Gottingen the degree D.D., and was shortly afterwards 
nominated court preacher the King Sweden. 1759 
was called the provostship the Swedish churches New 
Sweden,” and arrived Philadelphia the same year. once 
took charge the Wicaco parish (Gloria Dei), which was first 
organized 1677 and was the second oldest parish the Church 
Sweden this state, the first having been established Greater 
Tinicum Island shortly after Governor Printz landed there 1643. 
Dr. Wrangel also had the oversight all the Swedish congregations 
Pennsylvania and New Jersey. Returning Sweden 1768, 
was given the pastorate Sala. this country, according 
the instructions the Archbishop Sweden, cordially and ac- 
tively with the German Lutheran ministers. 

The Rev. Dr. Robert Blackwell, the Church England, was 
son Colonel Jacob Blackwell, Long Island, who 
belonged the family that long possessed and from whom was 
named Blackwell’s Island the East River, was ordained the 
ministry the English Church, and after serving several parishes 
this country, ministered Saint Peter’s church. His house, 
the south side Pine Street, number 224, still stands with its 
imposing front alternating black and red bricks. While Dr. 
Blackwell lived it, all the ground westward Third Street formed 

Montague Bernard, Notes Some Questions suggested the Case 
the Trent,” Oxford and London, March, 1862; Sir William Vernon-Harcourt, 
“Letters Historicus Some Questions International Law reprinted 
from The Times,” London and Cambridge, 1863; Arthur Irwin Dasnet, 
“John Thadeus Delane, editor The Times, His Life and Correspondence,” 
London, 1908; Arthur Christopher Benson, The Letters Queen Victoria,” 


New York, Thomas Willing Balch, “The Removal Mason and 
Slidell from The Trent,” The Nation, New York, February 11, 1909. 
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his garden. When the War for Independence broke out, took 
sides with the colonists and having gained his youth knowledge 
surgery, offered his services the cause, and served all 
through the trying winter Valley Forge, surgeon the First 
Pennsylvania Line, having received his commission from Anthony 
Wayne. died Philadelphia, 1831, having been notable 
figure the life the city. 

Another divine who was member, was the Rev. John Wither- 
spoon, the Church Scotland; was elected April 21, 1769. 
President the College New Jersey, now Princeton University, 
Witherspoon not only impressed his mark upon the youth many 
the leading men our country his work the head 
great institution learning, but also took active part the 
events, both his own colony New Jersey and those the 
Confederation, that secured our admission the 
nations. Born Yester, near Edinburgh, Scotland, February 
1722, the son pastor the Scottish Church, and descended 
through his mother from John Knox, Witherspoon was educated 
the University Edinburgh, and became minister the 
Church Scotland Perth. active and literary turn 
mind, published 1764 work Regeneration,” and three 
volumes “Essays”; received the same year the degree D.D. 
from the University Aberdeen. Calls came him from Dundee, 
Dublin, Rotterdam and the College New Jersey, all which 
declined. few years afterwards, however, accepted renewed 
invitation from the College New Jersey become its president, 
and after publishing two volumes sermons, sailed for the New 
World His inaugural address Princeton August 
the same year, the union piety with science, was deliv- 
ered Latin. once set himself the task developing the 
college. raised money, procured books and instruments, among 
the latter the first orrery made Rittenhouse. said had 
“become American the moment landed.” Certainly, one 
was more resolute the cause liberty. 1774, just before the 
beginning the active strife between the colonies and the mother 
land, issued Philadelphia work Considerations the 
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Nature and Extent the Legislative Authority the British Par- 
liament.” The sermon that preached fast day,” May 17, 
1776, the Dominion Providence over the Passions Men,” 
dedicated John Hancock, the president Congress; was 
reprinted Glasgow, with notes the loyal interest, show the 
iniquity rebels. was member the New Jersey Conven- 
tion that framed constitution for that colony and showed much 
legal knowledge. Among other things urged omission reli- 
gious tests. served the Provincial Congress New Jersey, 
and afterwards represented that colony the Continental Con- 
gress. always wore his clerical garb, and considered himself 
God’s minister both sacred and civil Congress 
did his full share work, opposing, with keen insight, the re- 
peated issues paper currency. The part that Witherspoon played 
those years trial has until now been much underestimated. 
Among his other services America should not forgotten that 
was the only clergyman who signed the Declaration Inde- 
pendence. The religious leaders the nations have profound 
influence their development and destiny. Paul Fredericq, 
the University Ghent, has truly said: 

Perhaps all historians not attach sufficient importance the action 
you not close your eyes you notice this historic truth: There are religions 
that put the peoples sleep and there are religions that keep them awake.” 
And Witherspoon’s religious teaching was not kind lull 
nation 

Montesquieu: Esprit des Lois,” Livre XXIV., chapitre V.; Thomas 
Balch, Les Amérique,” Paris, 1872, pages 22-41; Emile Lave- 
leye, Protestantisme Catholicisme dans leurs rapports avec liberté 
prosperité des peuples” (Revue Belgique, Brussells, January 15, 1875), 
reprinted Essais Etudes,” premiére série, 1861-1875, Ghent and Paris, 
1894, pages 370-409; Treumann: Die Monarchomachen: Eine Darstellung 
der revolutionaren Staatslehren des XVI. Jahrhunderts,” Leipzig, 1895; Paul 
Fredericq, Calvinism Self-Government” (Journal Genéve, July 
10, 1909), reprinted the Journal the Presbyterian Historical Society, 
Philadelphia, June, 1910, page 270. 

There are statues Witherspoon Fairmount Park, Philadelphia, 


Connecticut Avenue the City Washington, and the walls the 
library Princeton University. 
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Another notable foreign member was John Stuart Mill, philoso- 
pher, logician, economist, and member the British Parliament, 
author System Logic, Ratiocinative and Inductive,” Prin- 
ciples Political Economy,” and other works that influenced 
humanity. With the name Mill can coupled that Amer- 
ican philosopher, Thomas Paine, the author Sense.” 
Another our early men letters was Constantin Chasse- 
boeuf, Comte Volney. Traveller, historian and senator France, 
his fame rests chiefly upon his works: Voyage Egypte 
Sirie” (1787); “Les Ruines, sur les 
des (1791) Loi naturelle, Catéchisme Citoyen 
(1793), and nouvelles sur an- 
(1814-15). 

political writers and international jurists can claim num- 
ber: Noah Webster, who wrote “Sketches American Policy” 
(1784) Examination the Leading Principles the American 
(1787); The Rights Neutrals” (1802); and 
many other topics, and gave America his American Dictionary 
the English Alexis Tocqueville, the author 
“Democracy Esquiron Parieu, who wrote polit- 
ical Henry Wheaton, our minister first Copenhagen and 
then Berlin—worthy follower his great prototypes, Albericus 
Gentilis, Hugo Grotius and Cornelius van Bynkershoek—whose 
treatise upon the laws nations has held high authority among 
jurists Theodore Dwight Woolsey, voluminous writer religion, 
political science, international law, President Yale, member 
Droit International; and Sir Henry Sumner Maine, 
holder for all too brief period the Whewell chair Cambridge 
University and expounder the growth law and legal customs 
among many nations Europe and 


The Society has among its endowments, The Henry Phillips’ Prize 
Essay Fund founded October, 1888. The interest this fund awarded 
for “the payment such prize prizes may from time time 
awarded the society for the best essay real merit the Science and 
Philosophy Jurisprudence.” The Phillips Prize was awarded 1895 
George Smith, Los Angeles, California, for his essay The Theory 
the State.” 1900 the Phillips Prize was given Hastings, 
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With the names historical scholars our rolls the past 
least are rich. Upon them find Washington Irving, minister 
Spain, biographer Washington and author Rip Van Winkle,” 
the Legend Sleepy Hollow,” The Alhambra” and the 
quest Granada”; Jared Sparks, American historian, who wrote 
Washington and other parts our William Prescott, 
who related the conquest Mexico; Guizot, prime 
minister Louis Philippe, membre and 
France”; Lord Mahon, Fifth Earl Stanhope, statesman and 
historian, lord rector the University Aberdeen and foreign 
member the Academy Moral and Political Sciences Paris; 
Victor Duruy, French minister public education and author 
“L’Histoire Moyen Age” and John 
Lothrop Motley, who has told the world the struggles the 
Netherlands for freedom and George Bancroft, who 
related for our own history from the beginning the nation 
until little after its reception into the family nations; Charles 
Stille, president the Historical Society Pennsylvania and 
provost the University Pennsylvania, who wrote Anthony 
Wayne; Theodore Mommsen, author the History Rome”; 
and his fellow countryman, Leopold von Ranke, who treated the 
Middle Ages; James Anthony Froude, regius professor history 
Oxford, who wrote The History England from the Fall 
Wolsey the Defeat the Spanish Armada” and many lesser 
works; the Rt. Rev. William Stubbs, Bishop Oxford, author 
many works relating the history England; Henry Martyn 


Walker, Nebraska, for monograpn The Development Law illus- 
trated the Decisions relating the Police Power the State.” 1912, 
this prize was awarded Charles Burr, Philadelphia, for essay 
“The Treaty-Making Power the United States and the Method its 
enforcement affecting the Police Powers the States.” 

The Society also possesses the Thomas Balch International Law Fund. 
This endowment was established 1911 memorial Thomas Balch for 
his share bringing about the arbitration the Geneval Tribunal the 
Alabama claims.” intended, subject certain restrictions, used 
for the purchase books relating the law nations and such other uses, 
when thought advisable, may promote the study that science. 
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Baird, who told of.the Frederick Stone, librarian 
the Historical Society Pennsylvania, who did much make 
the rich collections that society accessible scholars; Justin 
Winsor, Harvard, editor the Narrative and Critical History 
America.” And last, but not least, our fellow townsman, the 
late Henry Charles Lea, whose portrait hangs the north hall, one 
the greatest historians that America has given the world, and 
the time his death probably the most distinguished citizen 
Philadelphia, was member this society. 

Among economists have had number well-known men: 
Dupont Nemours, one the famous French school physio- 
crats, who finally settled the neighboring state Delaware, and 
presented the society bust Henry Carey, whose name 
known wherever the science political economy taught Michel 
Chevalier, who enlightened the world many points economy 
Leon Say, the notable French minister finance and president 
the French senate, who his able management the French 
finances added new luster name already made famous among 
economists his honored sire and grandsire and earned his 
works economics, Théorie changes étran- 
gers,” Caisse d’escompte,” “La Vie Turgot,” 
etc., election 1886 Frangaise; and Pierre Emile 
Levasseur, member des sciences morales Politiques 
France. 

The portals the temple letters had just opened before Albert 
Smyth when was carried off the silent majority. Those 
who were fortunate hear his impromptu address this hall, 
prepared only upon thirty minutes’ notice, the Americanists,” 
when they visited the society, few years since, were impressed 
with the admirable manner which, that occasion, received 
our guests. Every one who attended the annual dinner the so- 
ciety 1907, will remember how well acted toastmaster, 
drawing upon his abundant knowledge Anglo-Saxon literature 
for many apt quotation. 

have had noted poets, essayists and novelists, too: James 
Russell Lowell, John Greenleaf Whittier, Ralph Waldo Emerson, 
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and Oliver Wendell Holmes. And let not forget that Philadel- 
phian, George Boker, minister Russia and author Francesca 
Rimini, was elected member. Surely our loss that Samuel 
Clemens (Mark Twain) was not: his was case the quarante 
uniéme the French Academy, for the name Mark 
Twain will remembered long our country lasts. 

should much like speak you our living townsmen here, 
well other parts the country, who are members and have 
gained distinction the world letters; but there not time 
mention them and too difficult and ungracious task 
choose among them. 

From the foregoing men whom have learnt were members 
this notable society, see that its bounds has embraced all 
knowledge, and awarded the honor its membership not toa single 
class scholars even members few groups, but savants 
whatever branch learning they may have devoted their time and 
powers. Membership society honor justly prized among 
scholars. And not the least the causes for the esteem which 
membership the American Philosophical Society held, that 

The greatest thinkers the world were men whose mental hori- 
zon was not limited the thought that that study upon which they 
devoted their best powers was vastly more important than any 
but recognized that knowledge extended all directions and took 
interest many channels. 

One the best and most notable examples man whose 
learning was not confined only his special branch, but who sought 
every means his power gain aid his cherished aim 
knowledge every sphere human activity, was the ablest the 
Carthaginian generals, Hannibal. Master everything that was 
known his time that pertained the carrying war, Han- 
nibal was not only the school master the Romans the art 
strategy, art which practically originated and drilled thor- 
oughly into his Roman pupils inflicting upon them all sorts and 
kinds reverses, but also was scholar. For splendidly edu- 
cated the direction his father, Hamilcar, knew almost every- 
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thing that was known his day. His natural genius 
born military leader men and able diplomatist was enhanced 
vast learning. His scholarship, far from proving detriment, aided 
him that marvelous war that, with slender means, waged against 
the Romans and their great resources, war known the latter 
the war against Hannibal. Another active man affairs who re- 
joiced broad education, was the Scandinavian warrior-statesman- 
king, surnamed the Lion the North and Defender the Faith,” 
Gustavus II. Adolphus Other men wide and di- 


Pennsylvania has especial interest Gustavus Adolphus. For when 
William Usselinx found that could not persuade the states general his 
native Holland take hold his scheme for Dutch trading and colonizing 
company the New World, turned with reluctance 1624, Sweden for 
aid. October November 1624, Gustavus Adolphus 
granted him six hours’ interview unfold his plans. November 
Usselinx had the draft charter the proposed company ready; then the 
general prospectus the proposed company was issued; and December 21, 
1624, the Swedish king gave commission William Usselinx establish 
General Trading Company for Asia, Africa, America and Magellanica.” 
Finally, June 1626, King Gustavus Adolphus signed the charter the 
South Company, carry trade beyond the seas and colonize. was the 
first forerunner that later Swedish Company whose service Lieutenant 
Colonel John Printz, subsequently starting from with the two 
vessels, the Fama and the Swan, crossed the Atlantic 1642, become the 
fourth governor New Sweden. Printz, like his three Swedish predecessors, 
landed Fort Christina, the site modern Wilmington the present state 
Delaware. But before the Swedish governors began rule the terri- 
tory the colony Delaware, Dutch settlement was started near the 
mouth Delaware Bay, Swanendael, and lasted for few months, until 
all its members were killed the Indians. 1643, the year after Governor 
Printz had started from Sweden cross the Atlantic Ocean New Sweden, 
and had established himself Fort Christina, moved his seat govern- 
ment from the territory subsequently called Delaware, Great Tinicum 
Island (Tenakon the Indians called it), part what now Pennsyl- 
vania. And Printz was the first man represent his own person 
European sovereign, who established seat government the territory 
what now the commonwealth Pennsylvania. Thus Pennsylvania looks 
for the beginning her sovereignty Queen Christina Sweden and her 
chancellor Axel Oxenstierna, and through them Gustavus Adolphus. The 
thirteen colonies that sprang from three northern nations Europe—England, 
Holland and Sweden,—and founded the United States America, can look 
back three historic England, Father William the 
Netherlands, and Gustavus Adolphus Sweden, all three worthy prototypes 
our own national father, Washington. 
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verse learning were Leonardo Vinci, Grotius, Rabelais, Coper- 
nicus, Napoleon, Cavour and Bismarck. all these men who 
looked through all knowledge for their guide and aid their life’s 
works are applicable the lines Wordsworth: 


“Who with natural instinct discern, 
What knowledge can perform, diligent learn.” 

There are numerous societies devoted one line research, 
where men who are engaged comomn pursuit, can exchange 
ideas upon their favorite theme. Philadelphia, the home 
the society, have, for example, the Historical Society Penn- 
sylvania (1824), the Academy Natural Sciences (1812), and the 
Franklin Institute (1822), each one which devoted special 
field research. other cities you find quantities such 
societies devoted single, most two three topics inves- 
tigation. But the American Philosophical Society one the very 
few associations the world which its membership has been 
representative all learning. Other societies that represent all 
knowledge are the Hungarian Academy Sciences Buda-Pest 
(1825) the Institut France Paris (1795) the American Acad- 
emy Arts and Sciences Boston (1780), the second oldest 
American society learning the Académie Royale Belgique 
Brussells (1771) the Koniglische Bayerische Akademie der Wissen- 
schaften Munich (1759); the Royal Academy Sciences and 
Lettres Denmark Copenhagen the Imperial Russian 
Academy St. Petersburg (1725), conceived Peter the Great, 
and organized and endowed Catherine upon the plans Leibniz 
and Wolff; the Koniglische Preussiche Akademie der Wissenschaften 
Berlin (1700), whose first president was Leibniz and which num- 
bered among its members Savigny, Schleiermacher, Bopp, Ranke 


Franklin Jameson, Usselinx, founder the Dutch and 


Swedish West India Companies,” papers the American Historical Associa- 
tion, New York, 1887, Volume II., No. James Swank, Progressive 
Pennsylvania: record the Remarkable Industrial Development the 
Keystone State,” Philadelphia, 1908, page 13; Amandus Johnson, “The 
Swedish Settlements the Delaware, 1638-1664,” Philadelphia, 

Proceedings the American Academy Arts and Sciences, Volume 
XLIV., No. 26, September, 
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and Wheaton and the Royal Academy the Lincei Rome (1603), 
one whose foreign members was the historian, Henry Charles 
Lea. few more might cited but their total number small. 
Surely some the work performed men letters has re- 
dounded much the benefit and advancement humanity 
anything discovered the exact scientists. What more difficult 
and beneficent task opens before the scholar than the effort aid 
solving the difficult problem government? Like individuals, 
nations are born, grow unless cut down their youth, reach 
maturity and sooner later die. Yet both the case the indi- 
viduals and states the span life can shortened lengthened 
according sound rules life are followed. the case nations 
this depends great part what manner government they have. 
For thousands years men have worked that problem and the 
solution seems far off the beginning. little more 
than century since, some the ablest men our then young coun- 
try—some them members this Society—framed yonder his- 
toric building, our old Pennsylvania State House (1735), the 
shadow whose steeple this also historic building stands, form 
government that the time was admirably suited the needs 
this country. was distinct advance government building. 
Yet, they originated little that was new, and most that little 
proved practice abortive. framing the form govern- 
ment under which this republic has prospered for over hundred 
years, they ranged the whole past humanity for the efforts 
other races government building. And from the experiments 
other nations, tried and tested the sound school experience, 
and the writings the great commentators upon government and 
human rights, such Locke, Grotius, Montesquieu and Burla- 
they evolved their scheme That that 


Burlamaqui, The Principles Natural Law;—in which the true 
systems Morality and Civil Government are established.” Nugent’s trans- 
lation, London, 1748. There copy this book the Library Company 
Philadelphia. 

Writing from Philadelphia, November 13, 1789, Jean Baptiste Roy, 
Franklin says: Our new Constitution now established, and has appear- 
ance that promises permanency; but this world nothing can said 
certain, except death and taxes.” 

PHIL. SOC., LI, 207 PRINTED JAN. 20, 1913. 
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plan not working smoothly now their day due the 
changed conditions that have grown up, especially the vast increase 
population, largely congregated small areas. Formerly was 
great deal easier for man rise political leadership unaided 
except the appeal that his abilities and force character made 
upon his neighbors. And to-day many the best political men rise 
small communities. South Africa, where the population 
sparse the country districts and the cities and towns are still 
generally small, one the Dutch farmers the Orange Free State 
rose the Anglo-Dutch three years’ war become the ablest gen- 
eral who held high command either side, Christian Wet. Such 
career his would almost impossible densely populated 
country. adapt the governmental structure the ever-chang- 
ing conditions population that the individuality most men will 
not strangled the density population which they live 
difficult undertaking any problem within the range sci- 
ence, worthy the efforts the best minds the continued 
attempts conquer disease, win reasonable safe and certain 
navigation through the air. all times and climes there have been 
political leaders with but little knowledge events and institutions 
before their own lives began, who have asserted that existing insti- 
tutions and laws were inadequate and bad, and glittering phrases 
have said that such conditions must changed. But rule they 
have not presented any well thought out plans which such con- 
ditions could remedied the advantage the human race. For 
while men have found easy destroy governmental structures, 
only occasionally leader like Charlemagne Washington, for in- 
stance, has come forward possessed the ability build some- 
thing new for the advantage humanity. And towards the efforts 
such politcal leaders the human race devise better and 
more acceptable system government, publicists from Plato down, 
have made valuable contributions. Malthus 1798 published his 
“Essay the Principle Population,” which pointed out 
that population tends increase faster than sustenance, with the 
result that poverty, misery and vice must ever present with us. 
explained and expounded the for existence” (those 
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are his identical words) among Studying his subject 
further, found that Plato and Aristotle had grasped the same fact 
that the human race tends increase more rapidly than the means 
nourishment. such publicists, Witherspoon, for example, 
number, have seen, were members the American Philo- 
sophical Society. 

Thus look the roll this truly historic society, the 
oldest society learning the New World, see that its member- 
ship has been recruited year year with original workers seeking 
after truth all branches Knowledge, whether the Republic 
Letters, the Exact Sciences the Mechanical and the Fine Arts, 
keep the American Philosophical Society truly representative 
all learning. 


the future Improvement Society, with remarks the speculations Mr. 
Godwin, Condorcet, and other London, 1798, page 48. 


CORRIGENDA. 


Vol. LI, No. 203, Dr. See’s paper the Depth the 
Milky Way: 

page 12, 8th line from top, ‘‘large’’ read 

page 13, 8th line from bottom, 
to.’’ 

page 14, 4th line from top, for read 


No. 204, the same author’s paper the Dynamical Theory the 
Globular Clusters. 

page 119, 18th line from top, System” read 

page 122, equations (10), make denominator first equation same 


last two. 


page 127, 7th line from top, read 


page 139, line from top, for read 

page 144, last equation (48) for read 


page 165, gth line from top, for mediation’’ read meditation.’’ 
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JULES HENRI POINCARE. 
(Read December 1912.) 


much quoted sentence, Klein has said shall have pic- 
ture the development mathematics imagine chain 
lofty mountains representative the men the eighteenth cen- 
tury, terminating mighty outlying summit,—Gauss, and then 
broader, hilly country lower but teeming with new ele- 
ments life.” This was written 1893 and would perhaps still 
received the truth most observers. During the ensuing 
period has, however, become more and more evident that two 
the contemporary hills rise quite above the others, and may that 
when they are seen perspective they will compare favorably with 
the more distant mountains. 

Hilbert and Poincaré are associated and contrasted the minds 
all students mathematics both the brilliance their achieve- 
ments and the difference their methods. enter into com- 
parative study these two great men would not appropriate 
exercise for this occasion, but have suggested may help indi- 
cate the relation Poincaré the time which lived. 

Aside from his intellectual triumphs, which one could adequately 
comprehend only reading series his papers, the life Poin- 
caré presents little interest. was born Nancy the 29th 
April, 1854. His unusual gifts were recognized early, that 
had excellent education. received the degrees Bachelor 
Letters and Science 1871 and that Mining Engineer 
was attached one capacity another the Department 
Mines the French government for the rest his life, but not 
such way interfere with his scientific work. 

the year 1879 also received his doctorate Science from 
the University Paris. was immediately made member 
the faculty science Caen. From there was called the 
University Paris 1881. 1886 was appointed professor 


iii 


OBITUARY NOTICES MEMBERS DECEASED. 


physics and the calculus probabilities the University 
Paris and 1896 became professor mathematical astronomy 
the same university. 1904 was also made professor general 
astronomy the Ecole Polytechnique. Since 1902 occupied the 
chair electricity the Ecole professionnelle supérieure des Postes 
des Télégraphes. died the 17th July, 1912. 

The importance his scientific contributions was recognized 
from the very beginning his career. received practically all 
the distinctions which are open mathematician. Among the 
most notable were: Election the Academy Science France 
(Section Geometry) 1887, election the French Academy 
1908, and the Bolyai Prize for excellence all fields mathematics 
1905. was elected member the American Philosophical 
Society 1899. 

Poincaré was particularly distinguished among his contemporaries 
the wide range his creative power. left behind enduring 
works not only the several branches pure mathematics but 
astronomy, physics and philosophy. has often been described 
the last the universals. Indeed this respect well 
the brilliance his individual works, like those earlier heroes 
science whom Klein compared the chain lofty mountains. 

goes without saying that one could not expect give ade- 
quate account Poincaré’s complete work short address like 
this one. shall try, however, mention certain main divisions 
his work, taking them order which roughly chronological. 
Naturally, the periods which shall refer all overlap but shall 
try arrange them according the dates the central papers 
each subject. 

Poincaré’s doctoral dissertation, which was his first published 
work importance, appeared 1879. Its title was the Prop- 
erties Functions Defined Partial Differential and 
supplies the existence theorem for solutions the neighborhood 
singular points very general type. This memoir initiated 
long series brilliant contributions the theory differential 
equations, especially that linear differential equations. Most 
these papers appeared the period before 1886. 


JULES HENRI POINCARE. 


These studies led directly his discoveries the field auto- 
morphic functions where Poincaré achieved his first great celebrity. 
Like most first-class things modern mathematics, impossible 
describe these functions briefly non-technical 
must content characterize them the nearest lying and 
most beautiful generalizations the trigonometric and elliptic func- 
tions. Poincaré deserves classed one the founders 
this branch mathematics, for him are due some the main 
outlines the theory and the main existence theorems. Poincaré’s 
last important contribution was his memoir the zeta-fuchsian 
functions the Acta Mathematica for 1884. Since then this work 
has been carried forward chiefly Klein and his students. 

This series contributions function theory was followed 
1885 his epoch-making memoir the figure equilibrium 
rotating fluid mass. this work not only solved the problem 
stability for the previously known figures equilibrium, the ellip- 
soids Maclaurin and Jacobi, but also discovered whole 
class new figures equilibrium. This work important not 
only account the particular new figures (the pear-shaped fig- 
ures) which put evidence, but also account its method. 
need mention only the theorem the exchange equilibrium. 

1890 made still greater contribution mathematical 
astronomy his memoir “On the Problem Three Bodies and the 
Equations Dynamics.” brought into existence general 
theory periodic orbits and disproved the existence further new 
integrals which are analytic functions the masses. These matters 
and many others, such the integral invariants and asymptotic solu- 
tions, are the subject his three volumes (1892, 1893 and 1899) 
published three more volumes entitled Méchanique 
Céleste” which developed some the classical theories from 
new points view. 

The problems celestial mechanics continued occupy the 
mind Poincaré till the end his life. his last paper, which 


This difficulty must indeed excuse for the summary way which 
shall have refer the rest Poincaré’s work. 
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appeared print shortly after his death, shows how reduce 
one the problems regarding the existence periodic orbits 
geometric problem, which, however, was unable solve. 
apologizes for putting forth such incomplete result the ground 
that his age (he was only 58) could not feel confident re- 
turning the problem the future and solving completely. One 
cannot avoid the impression that felt that his career was very 
nearly end. will doubtless interest this audience know 
that proof Poincaré’s theorem has already been found 
young American mathematician, Professor Birkhoff, 
Harvard. 

cannot here dwell longer the astronomical work Poin- 
caré. must pass over without particular mention his work 
the figure the earth, the tides, and the lunar theory, well 
his recent book cosmogony. 

Poincaré the author least fourteen advanced text-books 
various branches physics. Among the titles find Capillarity, 
Elasticity, Vortices, Heat, Thermodynamics, Optics, Electricity, 
Wireless Telegraphy, etc. These are chiefly reproductions his 
courses lectures the Sorbonne. also wrote large number 
papers and memoirs physical topics, especially Hertzian 
waves and the theory electrons. the whole, however, his 
work physics cannot compared importance with his funda- 
mental contributions mathematics and astronomy. work 
the differential equations physics and Dirichlet’s principle, 
which one might expected mention here, more conse- 
quence mathematics than physics. 

must now turn another main division his work 
domain pure mathematics. Already 1883 had published 
important paper (in the 4cta Mathematica) laying the foundations 
the theory functions two complex variables. 1887 
published his memoir the residues double integrals, which 
furnished one the chief tools for the theory algebraic functions 
two variables, theory which has since been built chiefly 
his colleague Picard, Poincaré himself, and many brilliant 
Italian geometers. 
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The theory algebraic functions one variable has its most 
striking auxiliary the manifolds two dimensions known Rie- 
mann surfaces, and the theory the connectivity Riemann sur- 
faces the main object the analysis situs two dimensions. 
generalization this theory manifolds any number dimen- 
sions was foreseen some extent Riemann himself and 
larger degree Betti, who discovered set invariants n-dimen- 
sional manifolds which are known the Betti numbers. real 
progress, however, had been made till Poincaré took the question up, 
modified the Betti definitions, showed how the modified Betti num- 
bers satisfy generalization Euler’s theorem for polyhedra, and 
introduced entirely new set constants, the coefficients torsion. 
This work contained series memoirs which the first 
appeared 1892 and the last They were accompanied and 
followed number papers which analysis situs applied 
the theory algebraic functions two and more variables. 

have now mentioned what appear the most important 
achievements Poincaré, grouping them together four classes 
which, said, correspond very roughly chronological order, 
The four sections his work which have signalized are his con- 
tributions (1) the classical theory differential equations and 
the theory automorphic functions, (2) the theory stability 
and the differential equations celestial mechanics, (3) physics 
and (4) analysis situs and the theory functions several 
variables. 

Another side Poincaré’s intellectual activity which has attracted 
more general attention than any his capital achievements pure 
science represented his semi-philosophical books, Science and 
Hypothesis,” The Value Science,” and Science and Method.” 
These books have been translated into most the modern languages, 
including English, and have received much attention and praise. 
They are characterized clarity and hard-headed common 
which more often sought than found this class 
literature. 

After noticing the works for which Poincaré was chiefly famous, 
there still remains host mathematical papers which would 
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sufficient rank him ahead most his contemporaries. One 
thinks first perhaps his two papers the uniformization 
general analytic function which appeared 1883 and 1908 respec- 
tively. Then there are his papers transcendental entire functions 
and analytic functions which have lacunary spaces. made 
several contributions the theory Abelian functions, the reduc- 
tion Abelian integrals, the theory the zeros theta functions. 
His paper linear equations finite differences has stimulated 
great activity research that field. Journal for 
1890 investigated sets functions satisfying what called 
theorem multiplication, including particularly new class func- 
tions which named after Cremona. also deserves credit for 
establishing the convergence Hill’s infinite determinant and wrote 
several papers integral equations and their applications. Also 
several papers continuous groups, hypercomplex numbers, 
number theory, and the relation automorphic functions 
number 

The mathematical style Poincaré was intensely modern. There 
are few purely formal theorems his credit. Few his results 
depend long difficult computations. said himself with 
furtive touch humor—the remark came paper relating 
his and Darwin’s work the pear-shaped figures—that was poor 
arithmetic. was good, the other hand, divining gen- 
eral principle after seeing the least possible number special cases. 
was tremendously powerful the essentially modern game 
finding out all about function irrespective whether could 
adequately described formulas the classic type. any prob- 
lem felt instinctively for the fundamental group and for the in- 
variants thereof. had almost visual grasp the properties 
figure any number dimensions which remain invariant 
under continuous deformation, and this either case the small 
deformations that are considered problems stability the 
larger ones that constitute the subject matter analysis situs. All 
this was combined with sound judgment which always directed his 


“Savants Jour, Henri Poincaré,” Lebon (Paris, 1912). 
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energies towards problems which the importance cannot con- 
tested. Nearly everything that did has been the starting point 
for the researches considerable number other scientists. 

The chief criticism that has been directed against Poincaré 
that never actually completed his work any one branch study. 
That after having discovered few the fundamental theorems, his 
curiosity was satisfied and was ready swing another branch, 
again pick the choicest fruit and leave the less exhilarating tasks 
his slower contemporaries and the future. There truth 
the charge. could never have done what did any other 
way. But what critic would not glad the same thing 
could? Indeed, seems that both the blame and the praise 
which Poincaré deserves are condensed the epigram Borel: 
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MINUTES 
Stated Meeting, January 1912. 
Keen, M.D., LL.D., President, the Chair. 


Invitations were received: 
From the Eighth International Congress Applied Chemistry 
held Washington and New York, September 13, 
1912, participate its proceedings. 
From the Committee Organization the Second Congress 
Chemistry and Pure and Applied Physics, memory 
January 10, 1912, participate. 
From the Sociedad Astronomia Barcelona participate 
the Exposition Lunar Studies held from May 
June 15, 1912. 
The decease was announced of: 
Prof. George Davidson, San Francisco,on December 
86. 
Sir Joseph Dalton Hooker, O.M., D.C.L., F.R.S., 
Sunningdale, Eng., December 11, xt. 94. 
Arthur Meigs, Philadelphia, January 1912, et. 61. 
Prof. John Macfarlane offered some remarks the life and 
services Sir Joseph Dalton Hooker. 
The following papers were read: 
“The Physical History the Grand Canyon District,” 
Prof. Douglas Wilson Johnson, Cambridge, Mass. 
“The Determination the Depth the Milky Way,” Dr. 
See, the Naval Observatory, Mare Island, 
Cal. 
The Judges the Annual Election Officers and Councillors 
held this day between the hours two and five the afternoon, 
reported that the following named members were elected, according 
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the Laws, Regulations and Ordinances the Society, the 
officers for the ensuing year. 


President: 
William Keen. 


Vice-Presidents: 
William Scott, Albert Michelson, Edward Pickering. 


Secretaries: 

Minis Hays, Amos Brown, 
Arthur Goodspeed, Harry Keller. 
Curators: 

Charles Doolittle, William Wilson, Leslie Miller. 


Treasurer: 
Henry Barre Jayne. 


Councillors: 


Edward Nichols, Henry Osborn, William Trelease, 
Samuel Dickson, Rosengarten, Francis Gummere, 
Ernest Brown, Edward Morley, Robert Williams Wood, 
Morris Jastrow, Jr., Henry Donaldson, John Frederick Lewis. 


Stated Meeting, February 1912. 
Keen, M.D., LL.D., President, the Chair. 


Invitations were received: 

From the Royal Society represented delegate the 
celebration the 250th anniversary its foundation 

From the Academy Natural Sciences Philadelphia 
represented the celebration the centennial its founda- 
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From the Congrés International d’Anthropologie d’Archéol- 
ogie Préhistorique announcing that the 14th Congress will 
held Geneva September next. 

From the Congrés International des Orientalistes repre- 
sented the 16th session held Athens April next. 

Prof. Leslie Miller, behalf the Curators, reported the 
receipt gift the Society some valuable relics one its 
honored presidents, Mr. Peter Ponceau, whose portrait 
Sully one the most benevolent those that look down upon 
from our walls. They consist two crosses, larger and smaller, 
the order St. Louis and the gold medal the Institut 
France. The relics were presented the Society Miss Aline 
Garesché, elderly lady, who has lived for many years Paris 
and who states that the last decendant Ponceau she feels 
that the Society the proper custodian these treasured heirlooms 
the family. 

Mr. Ponceau wrote learned monograph The Structure 
the Indian Languages which was printed the Transactions 
the Historical and Literary Committee this Society, which 
was secretary, and May, 1835, the Prix Linguistique” founded 
the Count Volney was awarded him the Institut 
France for memoir the Indian Languages North America, 
which was afterwards published Paris. The medal beautiful 
example the work the distinguished medallist, Rambert Du- 
marest 

Mr. Ponceau’s attention was also directed, this time, the 
structure the Chinese languages and 1838, when was years 
old, published the Transactions the Historical and Literary 
Committee this Society memoir 375 pages this subject. 

The Royal and Military Order St. Louis (to give its full 
title) was instituted Louis XIV.in the year conferred 
naval and military officers who have distinguished themselves 
the service. 
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Mr. Samuel Dickson made the following remarks: 


more than three quarters century have elapsed since the 
death Mr. Ponceau, and can little more than the shadow 
name most those present, have been asked say some- 
thing about him. 

The only source information now available, the sketch 
his life, read before this Society his friend, Dr. Dunglison, just 
after his death 1844. From this, appears that was born 
June 1760, the Isle Ré, small island off the west coast 
France. early developed exceptional talent for languages, 
and having mastered French and Latin vocabulary before was 
six, was able when twelve years age speak and write both 
English and Italian with fluency and correctness. The death his 
father, leaving the family straitened circumstances, when was 
less than fifteen years age, made necessary for him earn his 
own livelihood, and after unsuccessful experience teacher, 
went Paris, having his outfit, clean shirt and copy 
Paradise Lost,’” and there supported himself translator. 
This led acquaintance with Beaumarchais, known the 
author the Barber Seville” and the Marriage Figaro,” 
but then largely engaged under the firm name Hortalez Co., 
exporting supplies the the way, very interesting 
sketch Beaumarchais given Trevelyan his American Rev- 
olution—Beaumarchais introduced Ponceau Baron Steuben, 
who was about starting for America, and speaking nothing but 
German, needed Secretary, interpreter, familiar with English 
and French. 

They came this country and landed Portsmouth Decem- 
ber, 1777, and after going Yorktown, where the Continental Con- 
gress was session, they went Valley Forge early 1778, where 
Ponceau made the acquaintance Washington and Lafayette. 


_As Secretary Steuben, was made captain, and served 


officer until July, 1781, when resigned account his health 
and came Philadelphia. 

was soon after appointed secretary Mr. Livingston, the 
Secretary for Foreign Affairs, upon the recommendation Judge 
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Peters, who wrote that was good Latin scholar, French his 
native tongue, English has acquired perfectly, and understands 
German, Italian and Spanish, can translate Danish and Low Dutch 
with the help dictionary, and little application will make him 
master these.” 

the close the war, entered the office William Lewis, 
then the leader the Bar, and was admitted 1785. soon 
acquired large practice, and his command languages must have 
contributed the prominence which attained admiralty 
lawyer. 

the bibliography, printed appendix Dr. Dunglison’s 
discourse, long list his occasional papers and translations. 
was especially interested the study philological questions, 
and his contributions upon the Indian and Chinese tongues attracted 
much attention and gained for him the medal which has been pre- 
sented this evening. 

While busily engaged practice, found time take part 
the proceedings professional and literary associations with which 
became connected. 

was elected vice-president the American Philosophical 
Society 1816, and president 1827, holding the office until his 
death 1844. 

was the first president the Law Academy, and was annually 
reélected until his death 1844. The relations between the mem- 
bers and himself were most cordial and affectionate character, 
and the Law Academy presented the Law Association Phila- 
delphia copy Sully’s portrait. 

also became the president the Historical Society, the 
Athenzum, trustee the University Pennsylvania; and 1836 
was elected Chancellor the Law Association, and, every 
other case, retained the office until his death 1844. 

Upon the occasion the celebration the centennial anniver- 
sary the Law Association, Chief Justice Mitchell delivered 
historical address, the course which, referring the office 
Chancellor, said, the office has justly come regarded the 
highest honor that the Bar can pay fellow member.” This would 
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naturally inferred from the names those who have held the 

office. Mr. Ponceau was preceded Jared Ingersoll and Wil- 
liam Rawle, and was followed John Sergeant, Horace Binney, 
Joseph Ingersoll, William Meredith, and others, each prom- 
inent his own day, until now the office held our fellow 
member, Hampton Carson. 

formal eulogy could give adequate notion the char- 

acter Mr. Ponceau, the esteem and regard which 
was held, this list offices which was elected. The mem- 
bers these institutions represented, they did not constitute, the 
leading men the professional and intellectual life Philadelphia, 
and could not have been elected and reélected their presiding 
officer had not been man great accomplishment, sound 
learning, and upright character. 

Prof. John Bassett Moore, New York, read paper Con- 

traband War” which was discussed Judge George Gray, 
Wilmington, and Mr. Frederick Coudert, New York. 


Stated Meeting, March 1912. 


Keen, M.D., LL.D., President, the Chair. 
The decease was announced of: 
Prof. Crowell, Amherst, March 24, 1911, 81. 
Sir James Moine, Quebec, Feb. 1912, 87. 
Prof. George Brush, New Haven, Feb. 1912, 81. 
Rt.-Hon. Joseph, Lord Lister, London, Feb. 11, 1912, 
zt. 85. 
Dr. Keen offered some remarks appreciation the 
services Science the late Lord Lister. 
The following papers were read: 
“The Chestnut Blight,” Dr. Haven Metcalf, Washington. 
“The Secular Variation the Elements the Orbits the 
four Inner Planets,” Mr. Eric Doolittle. 
Validity the Law Rational Indices and the Analogy 
between the Fundamental Laws Chemistry and Crys- 
tallography,” Mr. Austin Rodgers. (Introduced 
Mr. John Branner.) 
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Stated Meeting April 12, 
M.D., LL.D., President, the Chair. 


Letters were received 

From the Committee Organization the IV. Congrés Inter- 
national d’Histoire des Religions held Leyden from 
the 9th 13th September, 1912, inviting the Society 
represented the Congress delegate. 

From the Trustees and Faculty Princeton University, re- 
questing the presence delegate the inauguration 
John Grier Hibben, President the University, Saturday, 
May II, 

From the American Academy Arts and Sciences, appoint- 
ing Prof. Lawrence Rotch, from The Connecticut 
Academy Arts and Sciences, appointing Prof. Hershey 
Sneath, from The Washington Academy Sciences, appoint- 
ing Dr. Howard, and from The American Institute 
Electrical Engineers, appointing Mr. Harry Archer Hornor, 
represent them respectively the General Meeting the 
Society. 

The decease was announced the following members: 

Rear Admiral George Melville, N., Philadelphia 
March 17, 1912, 71. 

Professor Thomas Montgomery, Jr., Philadelphia 
March 1912, 39. 

Prof. Lawrence Rotch, Boston April 1912, 51. 

The following papers were read: 

“The Roentgen Rays—Principles underlying Production, De- 
velopment Apparatus and Usefulness Medicine and 
Surgery,” Dr. Willis Manges (introduced Dr. 
Keen). Discussed Doctors Goodspeed, Tyson, Coplin, 
and Keen. 

“The Japanese Verb So-Called,” Mr. Benjamin Smith 
Lyman. 
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General Meeting, April 18, 19, and 20. 
Thursday, April Opening Session, 
Keen, M.D., LL.D., President, the Chair. 


Letters were received from The American Oriental Society, 
appointing Prof. Williams Jackson, The American Philo- 
logical Society, appointing Prof. John Carew Rolfe, The Archzo- 
logical Institute America, appointing Prof. Harry Langford 
Wilson, represent them respectively the General Meeting. 

The decease was announced Rev. Charles Ames, Boston, 
April 15, 1912, 83. 

The following papers were read: 

“Some Former Members the American Philosophical So- 
Thomas Willing Balch, Philadelphia. Discussed 
Mr. Harrison Morris. 

“The Diary Voyage the United States, Moreau 
Saint Stewart Mims, B.A., Instructor His- 
tory, Yale University. (Introduced Mr. Rosen- 
garten.) Discussed Mr. Rosengarten. 

Legendary and Myth-Making Process Histories the 
American Sydney George Fisher, A.B., 
LL.D., Philadelphia. 

and the Odes Solomon,” William Romaine 
Newbold, Ph.D., Professor Philosophy, University 
Pennsylvania. 

“Sumerian Bookkeeping Five Thousand Years (illus- 
trated), George Barton, Ph.D., Professor Semitic 
Languages, Bryn Mawr College. 

The Political Ideals Ulrich von Hutten,” Kuno Francke, 
Ph.D., LL.D., Professor History German Culture, Har- 
vard University. 

“Some Anthropological Aspects the Brain with Reference 
Race, Sex and Edward Spitzka, M.D., 
Professor Anatomy, Jefferson Medical College, Philadel- 
phia. Discussed Professor Haupt and Mr. Fisher. 

“Waterway (illustrated), Louis Haupt, 

Philadelphia. Discussed Mr. Sidney George Fisher. 
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Thursday Evening, April 18, 


Celebration the Centenary the Introduction Gas 


Under the auspices THE AMERICAN PHILOSOPHICAL SOCIETY, 
THE FRANKLIN THE AMERICAN CHEMICAL 
THE AMERICAN INSTITUTE, 


KEEN, M.D., LL.D., the Chair. 


By-Products Gas Manufacture,” Charles Munroe, 
Professor Chemistry, George Washington University, 
Washington. 

For the titles the addresses Friday, April 19, see the 

special programme. 


Friday Morning, April 
KEEN, M.D., LL.D., President, the Chair. 


Morning 


The following papers were read: 

Director Research, The Training School, Vineland, 
(Introduced Dr. Henry Donaldson.) 

“The Inheritable Factors Epilepsy,” David Weeks, 
M.D., Superintendent the New Jersey State Village for 
Epileptics Skillman. (Introduced Dr. Henry Don- 
aldson. 

“Ts the Control Embryonic Development Practical Prob- 
lem?” Charles Stockard, Ph.D., Professor Anatomy, 
Cornell University Medical College. (Introduced Dr. 
Henry Donaldson.) Discussed Doctors Donaldson, 
Abbott, Goddard, Weeks, Stockard, and Bogert. 

“An Avian Tumor Its Relation the Tumor Problem,” 
Peyton Rous, M.D., the Rockefeller Institute, New York. 


Sa 
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(Introduced Dr. Alexander Abbott.) Discussed 
Doctors Keen and Bogert. 

Protein Poison: Its Preparation and Its Nature,” Victor 
Vaughan, M.D., LL.D., Professor Hygiene and Physio- 
logical Chemistry, University Michigan. 

Bacterial Vaccines, with Special Reference Typhoid 
Prophylaxis,” Frederick Russell, M.D., Major, 
A., Curator Army Medical Museum, Washington, 
(Introduced Dr. Alexander Abbott.) Discussed 
Doctors Abbott, Bogert and Vaughan. 

Active Life,” Alexis Carrell, M.D., The 
Rockefeller Institute, New York. Discussed Dr. Keen. 

Dynamical Theory the Globular Clusters and the Cluster- 
ing Power Inferred Herschel from the Observed Figures 
Sidereal Systems High Order,” See, Ph.D., 
the Naval Observatory, Mare Island, California. 

Notes Persian Mystic Poetry,” Williams 
Jackson, Ph.D., LL.D., Professor Indo-Iranian Languages, 
Columbia University, New York. 


Afternoon 
Ph.D., LL.D., Vice-President, the Chair. 


Exhibition Volumes North American 
Vegetation, John Harshberger, Ph.D., Professor 
Botany, University Pennsylvania. Discussed Pro- 
fessor Haupt. 

“History the Fungus the Chestnut Tree Disease,” 
William Farlow, Ph.D., LL.D., Professor Cryptogamic 
Botany, Harvard University. 

The Classification the Black (illustrated), Wil- 
liam Trelease, Sc.D., LL.D., Director Missouri Botanical 
Garden, St. Louis. 

“The Mammals the Patagonian Miocene” (illustrated), 
William Scott, Ph.D., LL.D., Professor Geology and 
Paleontology, Princeton University. 
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Remarkable Cambrian Fossils from British 
Columbia” (illustrated), Charles Walcott, Sc.D., 
LL.D., Secretary the Smithsonian Institution, Washington. 

Considerations Bearing Upon the Origin Lava” 
(illustrated), William Hobbs, Ph.D., Professor 
Geology, University Michigan. Discussed Professor 
Scott and Dr. Clarke. 

Archzological Discoveries Peru” (illustrated), 
Hiram Bingham, M.A., Ph.D., Curator Latin American 
Collections Yale University. (Introduced Mr. Henry 
Bryant.) Discussed Professor Scott and Mr. Bingham. 

“The Discovery the Continent Antarctica Americans: 
Historical Vindication,” General Adolphus Greely, 
Professor Hobbs, and General Greely. 

The Eight Fundamental Properties Classes 
Functions,” Arthur Pitcher, Assistant Professor 
Mathematics, Dartmouth College. (Introduced Prof. 
Eliakim Moore.) 


Evening Session, 


Robert Williams Wood, LL.D., Professor Experimental 
Physics Johns Hopkins University, Baltimore, gave illustrated 
lecture The Study Nature Invisible Light, with Especial 
Reference Astronomy and Physics.” 


Saturday, April 20. 
Executive 


M.D., LL.D., President, the Chair. 


Pending nominations for membership were read and the polls 
opened. 

Secretary Keller and Dr. Holland, tellers, subsequently reported 
that the following nominees had been elected membership: 
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Residents the United States. 


Albert Clay, B.A., Ph.D., New Haven, 
George Crile, M.D., Ph.D., Cleveland, 
Arthur Louis Day, Ph.D., Washington, 

Edward Curtis Franklin, Ph.D., Washington, 
John Grier Hibben, Ph.D., LL.D., Princeton, 

Carl Huber, M.D., Ann Arbor, 

James Furman Kemp, New York, 

Arthur Henry Lea, B.A., Philadelphia, 

John Matthews Manly, Ph.D., Chicago, 

Edward Bennett Rosa, Ph.D., Washington, 
Frank Schlesinger, A.M., Ph.D., Allegheny, Pa., 
George Schweintiz, M.D., Philadelphia, 
Frederick Winslow Taylor, M.E., Philadelphia, 
Roland Thaxter, A.M., Ph.D., Cambridge, Mass., 
Oswald Veblen, Princeton. 


Foreign Residents. 


George Friedrich Julius Arthur Auwers, Ph.D., Berlin, 
Wilhelm Ostwald, LL.D., Leipzig, 
Magnus Gustaf Retzius, Stockholm. 

The following papers.were read: 

Geochemical Frank Clarke, Sc.D., 
LL.D., Geological Survey. Discussed Professor 
Hobbs and Dr. Clarke. 

Some General Results the Work Century the Atomic 
Weights the Chemical Elements,” Gustavus Hin- 
richs, St. Louis. 

Spectra and the Solvate Theory Solution” 
(illustrated), Harry Jones, Ph.D., Professor Phys- 
ical Chemistry, Johns Hopkins University. 

“The Classification Carbon Compounds,” Marston 
Bogert, Ph.B., LL.D., Prof. Chemistry, Columbia Univ. 
Autocollimating Mounting for Concave (illus- 
trated), Horace Clark Richards, Ph.D., Professor 

Mathematical Physics, University Pennsylvania.. 
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Thermal Relations Solutions,” William Magie, M.A., 
Ph.D., Professor Physics, Princeton University. 

“The Measurement Temperature 1750° C.” (illus- 
trated), Arthur Day, B.A., Ph.D., Director the 
Geophysical Laboratory the Carnegie Institution. 

Selective Scattering Reflection and Absorption Resonating 
Gas Molecules” (illustrated), Robert Williams Wood, 
LL.D., Prof. Experimental Physics, Johns Hopkins Univ. 

“Some Observations the Transmission Sound through 
Walls,” Arthur Gordon Webster, Ph.D., LL.D., Professor 
Physics, Clark University, Worcester, Mass. 

Magnetic Charts the Indian Ocean” (illustrated), 
Louis Bauer, C.E., Ph.D., Director the Department 
Terrestrial Magnetism the Carnegie Institution. 

“The Treaty-Making Power the United States and the 
Methods its Enforcement Affecting the Police Powers 
the States,” Charles Burr, Philadelphia, the 
Essay which the Henry Phillips Prize was awarded. 


Afternoon Session—2 


Epwarp LL.D., F.R.S., Vice-President, 
the Chair. 


Prof. Osgood Pierce, recently elected member, and Dr. 
Arthur Louis Day and Prof. Frank Schlesinger, newly elected mem- 
bers, signed the Laws and were admitted into the Society. 

The following papers were read: 


“Symposium Stellar Spectroscopy 

LL.D., Professor Astronomy, Lick Observa- 
tory, University California. 

Objective Prism Spectra,” Edward Pickering, 
LL.D., Professor Astronomy, Harvard University. 

“The New Star Gemini,” Storrs Barrett, the 
Yerkes Observatory, Williams Bay, Wisconsin. (In- 
troduced Edward Frost, D.Sc.) 
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“On the Prospect Obtaining Radial Velocities Means 
the Objective Prism,” Frank Schlesinger, M.A.. 
Ph.D., Professor Astronomy, University 
Pittsburgh. 

Between the Spectra and Other Characteristics 
the Stars” (illustrated), Henry Russell, 
Ph.D., Professor Astronomy, Princeton University. 


Stated Meeting, May 1912. 
M.D., LL.D., President, the Chair. 


Dr. William Sedgwick, recently elected member, and Mr. 
Arthur Lea and Dr. George Schweinitz, newly elected 
members, signed the Laws and were admitted into the Society. 

Letters accepting membership were received from 

Arthur Louis Day, Ph.D., Washington, 

John Grier Hibben, Ph.D., LL.D., Princeton, 
James Furman Kemp, Sc.D., New York, 

Arthur Henry Lea, A.B., Philadelphia, 

Frank Schlesinger, M.A., Ph.D., Allegheny, Pa., 
George Schweinitz, M.D., Philadelphia, 
Roland Thaxter, A.M., Ph.D., Cambridge, Mass., 
Oswald Veblen, Princeton. 

From the III Congresso Archzologico Internazionale, Rome, 
October, 1912, inviting the Society represented thereat 
delegate. 

From the des Ingenieurs Electriciens, announcing 
the conditions the Triennial Prize for 1914, under the 
Fondation George Montefiore. 

paper entitled Typhoid Fever Rural Disease?” was read 
and Mr. MacNutt, Orange, J., and was discussed 
Doctors Abbott, Mr. John Lewis, Doctors Tyson, Smith and 
Stengel and Professor Sedgwick. 


e 
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Stated Meeting October 4th, 


Keen, M.D., LL.D., President, the Chair. 

Letters accepting membership were received from: 

Alfred Clay, B.A., Ph.D., New Haven. 

George Crile, M.D., Ph.D., Cleveland. 

Edward Curtis Franklin, Ph.D., Washington, 

Carl Huber, M.D., Ann Arbor, Michigan. 

John Matthews Manly, Ph.D., Chicago, 

Edward Bennett Rosa, Sc.D., Ph.D., Washington. 

Frederick Winslow Taylor, M.E., Philadelphia. 

George Friedrich Julius Arthur Auwers, Ph.D., Berlin. 

Wilhelm Ostwald, LL.D., Leipzig. 

Magnus Gustaf Retzius, Stockholm. 

Invitations were received 

From the organizing committee the First International Eu- 
genics Congress, represented delegate the Con- 

From the American Antiquarian Society, represented 
the celebration the one hundredth anniversary its foun- 
dation, held Worcester October 15, 16, 1912. 

From the Naturwissenschaftliche Verein Steiermark, 
represented the celebration the fiftieth anniversary 
its foundation November 10, 1912. 

From the Rice Institute, represented its inauguration 
Houston, Texas, October 10-12, 1912. 

From the Fifteenth International Congress Hygiene and 
Demography, participate the Congress held 
Washington September 27-28, 1912. 

From the State New York, through the Education Depart- 
ment, attend the dedication the State Education Build- 
ing, Albany, November 17, 1912. 

From the Academy Natural Sciences Philadelphia, ex- 
pressing its gratitude for the Society’s congratulations the 
occasion its Centenary Celebration. 
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From Sir George Otto Trevelyan: 
Northumberland, 
August 16, 

Dear Sirs: always read, with interest and admiration, everything the 
Proceedings the American Philosophical Society the technical form 
which not beyond me; and fully appreciate the deserved and wide- 
spread influence that publication. your number April June, 1912, 
there article American history which stated, three several 
times over, that Charles James Fox was and implied, 
not obscurely, that wrote with family partiality about him, and about 
the public events his period England and America. not suppose 
that your readers concern themselves much about the personal question 
relation me; but must remembered that the statement fact, made 
with emphasis and circumstance, the pages the American Philosophical 
Society’s journal, bears the stamp authority; and what written there 
remains written. therefore feel bound say that Charles Fox 
sense “relative” and that between his family and mine sorry for 
it) there never existed any connection blood marriage, however remote. 
Indeed progenitors father’s side, voted sturdily against him 
Parliament, beat his supporters election, perfectly abominated him his 
character friend liberty and humanity, and held, the time, the 
same view his policy and attitude towards America which the author 
your article holds to-day. 

remain, Sirs, 

Yours very faithfully, 
TREVELYAN. 

the Secretaries the American Philosophical Society. 


The decease the following members was 
William Goodwin, Ph.D., LL.D., D.C.L., Cambridge, 
Mass., June 15, 1912, 81. 
Thomas Hewson Bache, M.D., Philadelphia, July 1912, 


zt. 
Jules Henri Poincaré, Paris, France, July 17, 1912, 
58. 


Horace Howard Furness, Ph.D., Litt.D., LL.D., Wallingford, 
Pa., August 13, 1912, 
Archibald Loudon Snowden, LL.D., Philadelphia, Septem- 
ber 1912, 75. 
The following papers were read: 
“Restoration North and South American Mammals,” 
Prof. Scott. 
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Cambridge, England (introduced Dr. Abbott). 

Acceleration Development Fossil Cephalapoda,” Prof. 
James Perrin Smith, (introduced Prof. John 


Stated Meeting November 1912. 
Keen, M.D., LL.D., President, the Chair. 


Sir William Ramsay, elected membership 1899, and Mr. 
Frederick Taylor, newly elected member, having subscribed the 
Laws, were admitted into the Society. 

The decease was announced Lewis Boss, A.M., LL.D., Al- 
bany, Y., October 1912, zt. 66. 

The following papers were read: 

Sir William Ramsay, K.C.B., LL.D., 
“The Formation Coal Beds,” John Stevenson, A.M., 
LL.D. 


Stated Meeting December 1912. 
Hays, A.M., M.D., the Chair. 


Professor Oswald Veblen, newly elected member, having sub- 
scribed the Laws, was admitted into the Society. 
Decease the following members was 
John William Mallett, M.D., LL.D., Charlottesville, Va., 
November 1912, zt. 80. 
Richard Alsop Cleemann, Philadelphia, November 
72. 
Inman Horner, Philadelphia, November 28, 1912, zt. 66. 
Professor Oswald Veblen read obituary notice Professor 
Henri Poincaré. 
Professor Felix Schelling read paper the Elizabethan 
Playhouse.” 


er 
, 
J 


INDEX 


Absorption spectra and the solvate 
theory solutions, 

Academy Natural Sciences, cen- 
tennial, 

American Philosophical Society, some 
former members of, 580, 

American Revolution, Legendary and 
myth-making process histories 
the, 53, 

Antarctica, discovery of, Ameri- 
cans, 

Association 
triciens, for 1914, triennial prize, 

Atomic weights the chemical ele- 
ments, 

Autocollimating mounting for con- 
cave grating, 554, 


Balch, some former members the 
Society, 580, 

Bardaism and the odes Solomon, 

notes plates nova 
geminorum 1912, 568, 

Barton, Sumerian bookkeeping, five 
thousand years ago, 

Bauer, new magnetic charts the 
Indian Ocean, 240, 

Bingham, recent dis- 
coveries Peru, 

Bogert, classification carbon com- 
pounds, 252, 

Bookkeeping, Sumerian, five thousand 
years ago, 

Brain, some anthropological aspects 
the, with reference race, sex, 
and intellect, 

Burr, treaty-making power the 
United States, 271, 


Campbell, radial velocity, 

Carbon compounds, 252, 

Carrell, prolonged active life, 

Chestnut blight, 

tree disease, 

Clarke, some geochemical statistics, 
214, 


Coal beds, formation of, 423 

autocollimating 
mounting for, 554, 

Congrés Religions 
represented at, 

des Orientalistes (16th Session), 

invitation represented at, 

meeting of, 

Congress Chemistry and Pure 
and Applied Physics, invitation 
fessor 

zionale (III), Rome, invitation 
represented at, xvi 

Crile, phylogenetic association re- 
lation the emotions, 


Day, measurement temperature 

Dickson, notice Ponceau, 

Doolittle, secular variation the ele- 
ments the orbits the four 
inner planets, 

Ponceau, notice of, 

relics of, 

Dynamical theory the globular 
clusters, 118, 


Embryonic development, control of, 
Epilepsy analyzed the Mendelian 
method, heredity of, 178, 


Farlow, chestnut tree disease, 
Feeble-mindedness, heredity of, 173, 


Fisher, legendary and myth-making 
process histories the Ameri- 
can Revolution, 53, 

Fossils, Cambrian, from British Co- 
lumbia, 

the political ideals Ulrich 
von Hutton, 


INDEX. 


Functions, 
eight fundamental properties 
classes of, 


Garesché, Miss Aline, gift relics 

Gas illuminant, centenary 
introduction of, 

manufacture, 

molecules, selective scattering, 
reflection and absorption reso- 
nating, 

Gemini, the new star in, 568, 

Geochemical statistics, 214 

Globular clusters, dynamical theory 
of, 118, 

Goddard, heredity feeble-minded- 
ness, 173, 

Grand Canyon district, physical his- 
tory of, 

Greely, discovery Antarctica 
Americans, 


Haupt, waterway conservation, 

Hibben, inauguration President, 
invitation to, 

Hinrichs, atomic weights the 
chemical elements, 

Hobbs, origin lava, 

von Hutton, Ulrich, the 
ideals of, 


Indian Ocean, new magnetic charts 
the, 240, 

Indices, the validity the law 
rational, 103, viti 

International Congress Applied 
Chemistry (8th), invitation to, tii 


Jackson, Persian mystic poetry, 

Japanese verb, 91, 

Johnson, physical history the 
Grand Canyon district, 

Jones, absorption spectra and the 
solvate theory solutions, 


Lava, origin of, 

Life, prolonged active, 

Light, invisible, study Nature by, 

Lunar studies, exposition of, iii 


Lyman, nature the Japanese verb, 
so-called, 91, 


Magie, thermal relations solutions, 
235, 
Mammals the Patagonian Mio- 
cene, 


Manges, Roentgen rays, 
Meeting, general, 
stated, iv, viii, ix, 
Members 
Ames, Charles G., 
Brush, George J., 
Crowell, Edward P., viii 
Davidson, George, 
Hooker, Sir Joseph Dalton, iii 
Moine, Sir James M., 
Lister, Rt. Hon. Joseph, Lord, 
Meigs, Arthur V., iii 
Melville, Rear Admiral George 
Montgomery, Thomas H., 
Rotch, Lawrence, 
elected, 
presented, xv, 
Membership accepted, 
Mendeléeff, memorial to, 
Metcalf, the chestnut blight, viii 
Milky Way, depth the, iii 
Miller, notice Ponceau, 
Mimms, Moreau St. Méry’s diary 
voyage the United States, 
242, 
Minutes, iii 
Montefiore, triennial prize for 1914, 
Fondation George, 
Moore, contraband war, 18, viii 
Moreau Saint Méry, Diary 
voyage the United States by, 
242, 
Munroe, by-products gas manu- 
facture, 


Nature, study of, invisible light, 


Newbold, Bardaism and the odes 
Solomon, 


Oaks, the classification the black, 
167, 

Obituary notice Jules Henri Poin- 
caré, 

Officers and Council, election of, iii 


INDEX. 


Peru, 
coveries in, 

Phillips, Henry M., Prize Essay, re- 
port the judges, 

Phylogenetic association relation 
the emotions, 

objective 

Pitcher, interrelations eight funda- 
mental properties classes 
functions, 

Planets, inner, secular variation 
the orbits of, viii 

Poetry, Persian mystic, 

Poincaré, Jules Henri, obituary no- 
tice of, 

Poison, the protein, 206, 

Princeton University, invitation 
represented the inauguration 
President Hibben, 

Prism spectra, objective, 


Richards, autocollimating mount- 
ing for concave grating, 554, 

Roentgen rays, 

Rodgers, validity the law 
rational indices, 103, 

Rous, avian tumor relation the 
tumor problem, 201, 

Royal Society, invitation repre- 
sented its 250th anniversary, 

Russell, bacterial vaccines, 

relations between the spectra 
and other characteristics the 
stars, xvi 


Sedgwick, typhoid fever rural 
disease? xvi 

See, determination the depth 
the Milky Way, 

dynamical theory the globular 
clusters, 118, 

Schlesinger, radial velocities, 

Scott, mammals the Patagonian 
Miocene, 

Sociedad Astronomia Barcelona, 
exposition lunar studies, invita- 
tion represented, iii 

Solutions, thermal relations of, 235, 


Sound, transmission of, through 
walls, 

Spitzka, some anthropological aspects 
the brain with reference race, 
sex and intellect, 

Stars, relations between the spectra 
and other characteristics the, 
xvi 

Statistics, geochemical, 

Stellar spectroscopy, symposium on, 

Stevenson, formation coal beds, 


423 
Stockard, the control embryonic 
development practical problem? 


Temperature, measurement of, 
1750° C., 

Treaty-making power the United 
States, 271, 

Trelease, classification the black 
oaks, 167, 

Tumor, avian, its relation the 
tumor problem, 201, 

Typhoid fever, rural disease? 
xvi 


Vaccines, bacterial, xii 

Vaughan, the protein poison, 206, 

Veblen, obituary notice Jules 
Henri Poincaré, iii, 

Vegetation, North American, illustra- 
tions of, 

Velocity, radial, 

ing, means the objective 
prism, 


Walcott, Cambrian fossils from 
British Columbia, 

War, contraband of, 18, viii 

Waterw conservation, 

Webster, transmission 
through walls, 

Weeks, heredity epilepsy analyzed 
the Mendelian method, 178, 

Wood, selective scattering, reflection 
and absorption resonating gas 
molecules, 

——, the study Nature invisible 
light, 


